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METRIC CONVERSION CHART

1 inch - 2.54 centimeters

1 foot = 30. centimeters

1 gallon - 3.8 liters

1 ton - 0.9 metric tons

1 *F = *C + 32

1 Btu/h - 2.980711 E-01 watts
(International Table)



WHC-EP-0210 Rev 3

LIST OF TERMS

'C
224
2C
5-6
AA
ADL
ANOVA
BL
CCPLX
CLASS
CN
COD
CT
CW
DLG

OD DQO
DSC

oy DSSF
DW

-- EB
Ecology
EDTA
EHW
EPA
EVAP
FeCN
FP
FY

C4 Gas
GC
GEA
GFAA
HCN

0% HEDTA
HH
HPLC
HYAA
IC
ICP
IX
KOH
LTRR
MS
MSD
NCPLX
NPH
NRC
OSM
OWW
P

first-cycle decontamination
lanthanum fluoride
second-cycle decontamination
Cell 5-6 at B Plant
atomic absorption
analytical detection limit
analysis of variance
B Plant low-level waste
Concentrated Complexant
Waste Classification Model
Cyanide
chemical oxygen demand
concentration threshold
coating waste
detection limit goal
Data Quality Objectives
differential scanning calorimetry
Double-Shell Slurry Feed
dangerous waste
evaporator bottoms
Washington State Department of Ecology
ethylenediaminetetraacetic acid
extremely hazardous waste
U.S. Environmental Protection Agency
evaporator feed
ferrocyanide waste
fission product
fiscal year
gas-generator tank
gas chromatography
gamma energy analysis
Graphite Furnace Atomic Absorption
Hydrogen Cyanide
hydroxyethylethylemediaminetriacetic acid
high-heat waste
high-performance liquid chromatography
hydride atomic absorption
ion chromatography
inductively coupled plasma
ion-exchange
Potassium Hydroxide
Long-Term Release Risk
mass spectrometry
matrix spike duplicate
None-Complexed Waste
normal paraffin hydrocarbon
U.S. Nuclear Regulatory Commission
Office of Sample Management
organic wash waste
PUREX high-level waste

x



WHC-EP-0210 Rev 3

LIST OF TERMS

PA
pH
PLM
PNL
PRR
PSS
Public

Performance Assessment

Law 101-510

PUREX
QA
R
REDOX

a' SEIS
SORWT

CO SRS
SST

- SSW/HS
STIR
TBP

Ln TBP-F
TCLP
TEC
TGA
TOC
TRAC

CV Tri-Party Agreement
TWCT
VOA

C"4 WC
WCP

0' Westinghouse Hanford
XRD

Polarized Light Microscopy
Pacific Northwest Laboratory
Preliminary Recommendations Report
PUREX supernatant sludge
U.S. Congress, House, 1990, "Safety Measures for
Waste Tanks at Hanford Nuclear Reservation,"
Public Law 101-510, Section 3137, H.R. 4739,
Government Printing Office, Washington D.C.
plutonium-uranium extraction
Quality Assurance
high-level REDOX
reduction oxidation
Supplemental Environmental Impact Statement
Sort On Radioactive Waste Type
strontium sludge
single-shell tank
strontium semiworks/hot semiworks
Short-Term Intruder Risk
tributyl phosphate
ferrocyanide-scavenged tributyl phosphate
toxic characteristic leach procedure
toxic equivalent concentration
Thermal Gravimetry
total organic carbon
Track Radioactive Components
Hanford Federal Facility Agreement
Tank Waste Characteerization Technology
volatile organic analysis
Waste Classification
Waste Characterization Plan
Westinghouse Hanford Company
X-Ray Diffraction

xi



WHC-EP-0210 Rev 3

This page intentionally left blank.

xii



WHC-EP-0210 Rev 3

11.0 INTRODUCTION

This appendix describes the sampling and analysis of the next ten
single-shell tanks (SST) following the successful sampling of SSTs B-201 and
B-202. SST T-203 shall not be core sampled sequentially after B-201 and
B-202, as originally planned in Appendix F, because this tank would not have
provided information on tank safety issues and it'contains an identical waste
type as the previous two SSTs. Therefore, sampling and analysis of T-203 at
the present time was considered repetitious and not an efficient utilization
of the limited available resources. This test plan will outline methodology
for characterization of the next ten SSTs, summarize lessons learned in the
laboratory during Phase IA/lB, identify criteria for tank selection, and
detail the analysis to be performed during the characterization of each tank.

The sampling, analysis, and data collection, detailed by this test plan,
are being performed to support the final SST closure date of 2,018 identified
in the Hanford Federal Facility Agreement and Consent Order (Tri-Party
Agreement). The criteria governing SST closure decisions must be formulated

-- in the Supplemental Environmental Impact Statement (SEIS). In order to meet
the 2018 closure date, the SST Systems Engineering Study has identified a need
to accelerate the SEIS and the Record of Decision to 1996. A proposal to
pursue this option is presently being reviewed. The data to support the SST

0 closure criteria development must be collected well in advance of the 1996
date. The data collection deadline for criteria development has been
estimated as December 1993. Therefore, to efficiently characterize the waste
in the SSTs, given the limited amount of time and resources, an integrated and
optimized sampling schedule must be developed from a representative sample
group of SSTs. It is imperative to acquire waste characterization data on as
many different waste types as possible and to have every program take maximum
advantage of each sampling event before closure of the SEIS data gathering
window. The only feasible method to accomplish this task before the SEIS
closure deadline is to attempt to categorize the tanks into groups that have
similar chemical compositions and physical characteristics.

A model has been developed to categorize SSTs into groups expected to
exhibit similar chemical and physical characteristics based on major waste
types and processing histories identified from historical records. This
method has identified 29 different groups of tanks. These 29 groups encompass
131 tanks and 90% of the total waste volume contained in SSTs. The 18
remaining SSTs were not predicted to fall into any group and were encompassed
in a 30th ungrouped category. The validity of the predicted groups was then
statistically tested using quantitative information from a limited number of
tanks. The groups predicted by this method were shown to be statistically
significant based on the available data from core samples obtained in 1985 and
1986. The analytical variability was shown to be reduced by grouping the
tanks according to this model. The model has been a valuable tool aiding in
the selection of the next 10 SSTs.

The Phase IC analytical plan was supposed to be based upon a
recommendations report prepared by Pacific Northwest Laboratory (PNL) using
Phase IA and IB information. Phases IA, IB, and IC are described in detail in
Chapter 1.1. The verification and preparation of data packages for Phase IA

11-1
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and IB analysis has taken longer than anticipated. Pacific Northwest
Laboratory has prepared sections of the preliminary recommendations report
focusing on analyte priorities, concentration threshold limits, decision
quality, and impact analysis. The scopes of these efforts have been
summarized in Sections 1.2 through 1.2.3. The original purpose of the program
was to issue a generic Phase IC waste analysis plan for the remaining SSTs.
Although completion of a generic Phase IC Waste Characterization Plan will not
be possible until all the Phase IA and IB information has been analyzed,
development and initiation of limited Phase IC sampling and analysis can
proceed. The characterization goals and strategies will be iterated based
upon new analytical results from each SST sampled. In addition, the sampling
and analysis needs for those tanks identified in U.S. Congress, House, Safety
Measures for Waste Tanks at Hanford Nuclear Reservation, Public Law 101-510
Section 3137, will be different than the generic plan. Therefore, the
sampling and analysis of these early Phase IC tanks will be described in test
plans for each set of tanks.

The objectives for sampling and analysis of the next 10 SSTs are to
characterize the physical and chemical properties of the waste contained in
the selected tanks. This characterization information will directly support
most of the programs involved in the effort to close the SST operable units.
The acquired data can also be used to check the laboratory's analytical
performance and to statistically verify the grouping results of the SORWT
model.

10 I1.1 SORT ON RADIOACTIVE WASTE TYPE MODEL

The Sort On Radioactive Waste Type (SORWT) model has been developed to
categorize tanks into groups expected to have similar physical characteristics
and chemical compositions. In light of the complex physical and chemical
histories of the SSTs, especially when several different waste types have been
mixed or processed together, the SORWT model does not attempt to predict the
composition of a waste tank nor does it use existing predictions of tank
compositions (TRAC). Instead, the sorting method concentrates on the
different types of waste introduced into each SST and the process history of

0- each SST. Although the actual chemical reactions and phase equilibria may be
unknown when two waste types are combined in an SST, it can be assumed that
similar reactions and similar equilibria occur in other SSTs when the same two
waste types are mixed.

The fundamental thesis of the SORWT model is that SSTs that predominantly
received the same mixture of waste types will be more similar to one another
than to SSTs that received different mixtures of waste types. In addition,
largely supernatant waste types do not have as significant an effect on the
character of the wastes remaining in the tank as solids-forming waste types.
Therefore, if the primary and secondary solids-forming waste types can be
identified for each SST, then the tanks can be grouped based on this criteria.
Thus, information about the character of the waste in the remaining members of
a group can be deduced from the information obtained by the analysis of
samples from a tank representative of that group.

11-2
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The waste type judged to be the most significant contributor to the
solids volume in any specific SST was identified as the primary waste type.
This evaluation was made on the basis of waste volume introduced into each
tank and the solids accumulation during the regime of that particular waste.
The second most significant solids-forming waste type was identified as the
secondary waste type. When appropriate, a tertiary and other waste type also
were identified.

The principal source of SST waste type information used by this model was
A History of the 200 Area Tank Farms (Anderson 1990). This document contains
much of the available processing history for each of the 149 SSTs from 1944
until 1980. Although this source contains extensive information pertaining to
waste types, volumes, and tank transfers, the source information contained
many inconsistencies. The historical records used to generate Anderson (1990)
were often inaccurate and/or incomplete. The methods utilized to measure
accumulated solid and liquid volumes during the early history of the Hanford
Site produced inconsistent inventories. In fact, solids inventories were not
routinely taken until the mid-1950s. Often, tank transfer information was
missing. Despite these deficiencies, the Anderson document is the best source
of SST historical information and a qualitative assessment about the main
solids-forming waste types contained in each SST can be accurately determined.

The volumes of waste contained in each SST were obtained from the Tank
o Farm Surveilance and Waste Status Summary Report (Hanlon 1990). These values

include, on a per tank basis, Total Waste Volume, Volume of Salt Cake, Volume
of Sludge, and Volume of Supernate. It is assumed that these values are more
accurate than those final values found in Anderson (1990) because they were
obtained more recently.

11.1.1 Sort on Radioactive Waste Type Model Assumptions

The underlying assumptions utilized by the SORWT model are as follows:

* The information contained within Anderson (1990) was sufficient to
qualitatively identify and rank, relative to one another, the waste
types that contributed to the accumulated solids in each individual
SST.

* The primary and secondary solids-forming waste types were
responsible for the majority of the physical characteristics and
chemical compositions of the waste remaining in each SST.

* Supernatant wastes that were not allowed to remain in a tank for a
great period of time (and later pumped out of the SST) had less
influence on the physical and chemical character of the waste
relative to the solid waste types that remained in the tanks.

a Single-shell tanks were often sluiced sometime during their
processing history. Waste types present in the tank before the most
recent sluicing were not considered relevant by this model.

11-3



WHC-EP-0210 Rev 3

* Use of broad-ranging, less descriptive waste types, such as non-
complexed (NCPLX), concentrated complexed (CCPLX), evaporator feed
(EVAP), and/or double-shell slurry feed (OSSF), were avoided
whenever possible. The previous nomenclature for those waste types
was preferred, if available. However, a broad category identifying
the tank waste as either Non-Complexed, Complexed, or Ferrocyanide-
Scavenged Waste has been included in the SORWT model to aid in
evaluating the results of the model.

11.1.2 Sort on Radioactive Waste Type Model Results

The SORWT model has predicted the existence of 29 waste type groups
ranging from a high of 21 tanks per group to a low of 2 tanks per group.
These 29 waste type groups encompass 131 tanks and 90% of the total waste
volume. A thirtieth group contains the 18 solitary SSTs, which did not fall
into any waste type group. Table II-I presents a summary of the SST waste
type groups predicted by the SORWT model.

The first column of Table Il-I identifies the group number. The second
column contains the primary and secondary waste types that were used as the
grouping criteria. Column 3 reports the number of tanks in each individual
group. An asterisk in column 3 indicates that this group has already been
core sampled at least one time. Most of these previous core sample analyses
were not as complete as core sample analyses conducted under the current
characterization program and these tanks must be resampled in the future.
These core samples do provide some preliminary chemical characterization for
these groups. The fourth, fifth, and sixth columns respectively contain the
volume of salt cake, sludge, and total waste represented by each waste type
group. Columns 7, 8, and 9, respectively, report the percentage volume of
salt cake, sludge, and total waste compared to all 149 SSTs. A total has been
accumulated for columns 3 through 9, encompassing the 29 waste type groups
predicted by the SORWT model. The ungrouped tanks were not included in this
total. A review of Table 11-1 will quickly reveal that Group I is by far the

.4 most significant group. This group includes 21 tanks, 36% of the total salt
cake volume, and over 1/4 of the total waste in all 149 SSTs. The first

0' 3 groups represent nearly 1/2 of the total waste volume in all 149 SSTs which
demonstrates the potential usefulness of the SORWT model. Table Il-1 also
identifies groups which have relatively no significance, such as Groups XII
and XIX, that contain almost no waste. This information can be used in
allocating time and resources for core sampling.

To support the accelerated SEIS, it has been determined that some kind of
SST grouping methodology must be developed and implemented. The SORWT SST
grouping model presents a methodology that is both simple to understand and
logical in its assumptions and construction. The SST groups predicted by the
SORWT model are statistically significant and reduce the variability in the
concentrations for a selected set of analytes.
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Table Il-1. Summary of Waste Type by SORWT.

PRIMARY VOLUME VOLUME TOTAL % % %
& SECONDARY NUMBER SALT CAKE SLUDGE VOLUME VOLUME VOLUME TOTAL

GROUP WASTE GROUP OF TANKS IN GROUP IN GROUP IN GROUP SALT CAKE SLUDGE VOLUME
NUMBEF TYPE IN GROUP (KGAL) (KGAL) (KGAL) ALL TANKS ALL TANKS ALL TANKS

1. R EB 21 8361 1328 9798 36% 11% 27%

If. TBP-F EB-ITS 10 3344 636 3980 14% 5% 11%
III. ER IC 9 * 3945 40 3985 17% 0% 110
IV. 224 8 0 277 280 0% 2% 1%

V. R 7 0 888 892 0% 7% 2%
VI. TBP CW 7 * 3 458 489 0% 4% 1%

VII. ES R 5 1864 127 2037 8% 1% 6%
Vill. IC TBP 5 0 709 715 0% 6% 2%

IX. TBP-F 1C 5 0 465 478 0% 4% 1%

X ES CW 4 1520 124 1755 6% 1% 5%

XI. IC EB 4 0 552 553 0% 4% 2%

XIL. HS 4 0 11 11 0% 0% 0%
XilI. DSSF NCPLX 4 * 1717 387 2113 7% 3% 6%
XIV. 2C 224 3 0 892 904 00 7% 2%

XV. 2C 5-6 3 * 0 511 516 0% 4% 1%
XVI. R RIX 3 0 368 368 0% 3% 1%
XVII. CW EB 3 10 190 204 0% 2% 1%

XVill. CW MIX 3 0 145 192 0% 1% 1%
XIX. CW 3 0 10 13 0% 0% 0%
XX. TBP EB-ITS 2 771 87 907 3% 1% 2%
XXI. CW TBP 2 * 0 574 577 0% 5% 2%
XXII. EB TSP 2 481 0 481 2% 0% 1%
XXII. SRS TSP 2 * 0 372 429 0% 3% 1%
XXIV. 1C EB-ITS 2 152 257 429 1% 2% 1%
XXV. TBP 2 0 248 248 0% 2% 10
XXVI. TBP 1C-F 2 * 0 205 208 0% 2% 10/
XXVII. CCPLX DSSF 2 40 9 151 0 0% 0
XXVIIL R DIA 2 0 148 148 0% 1% 0%
XXIX. 1C CW 2 0 117 119 0% 1% 0%

ITOTAL 131 22208 10135 32980 95% 80% 90%k

XXX. UNGROUPEDTANK{ 18 1241 2509 3794 5% 20% 10%

. - Waste Groups Already Sampled

IH-5
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11.2 PRELIMINARY RECOMMENDATIONS REPORT

The proposed objectives of the Preliminary Recommendations Report (PRR)
is to support continued sampling and analysis of SSTs by providing
recommendations as to the number of cores required, the number of duplicates
needed, and the identification of whether laboratory analyses should be
performed on core composites or individual segments. The report will address
three major areas:

* Analyte priorities and concentration thresholds

* Decision quality and Data Quality Objectives

* Evaluation of impacts to worker exposure, schedule, and costs.

Each of these topics is discussed in the Sections 1.2.1 through 1.2.3.

11.2.1 Analyte Priorities, Concentration Thresholds, and
Detection Limit Goals

The U.S. Environmental Protection Agency (EPA) has defined a process
-- named Data Quality Objectives (QO), which assists in defining the type,

quality, and quantity of the data needed to evaluate waste sites, or in this
CD case, SSTs. These DQOs help focus characterization and streamline the

remediation and closure process. Analyte priorities and proposed detection
limit goals (based on concentration threshold concept) are preliminary DQOs
that have been developed for the SST waste characterization effort based on
health risk and regulation criteria. Volume 2 of the PRR (Buck et al. 1991),
provides a' detailed description and analysis of these DQOs.

(N The vast number of analytes that are known or suspected to be in SSTs
require that priorities for chemical and radiological analysis be established.
The criteria that has been developed for determining the importance of
analytes is based on public health risk concerns, and state and federal
regulations.

Three different methods were used to prioritize the SST analytes: Long-
Term Release Risk (LTRR), Short-Term Intruder Risk (STIR), and Waste
Classification (WC). The LTRR method used an integrated source term,
transport, and exposure code to develop a health risk-based analyte priority
list based on site-specific information. The STIR method used generic
intruder scenarios developed by the U.S. Nuclear Regulatory Commission (NRC)
to prioritize SST analytes based on source term and toxicity/dose parameters.
The WC method was based on guidance from NRC's 10 CFR 61 (classification of
waste for near-surface disposal) regulation for radioactive waste and
Washington State Department of Ecology (Ecology) WAC 173-303-084 regulation
for dangerous waste. All three methods used Track Radioactive Components
(TRAC) inventory estimates as input in lieu of better source term data.

Each of these three methods produced a list of prioritized SST analytes
that could be used, independently or combined, to improve the design of the
SST waste characterization plan. A combined analyte priority list, based on
the highest relative risk or waste class type for each analyte (Type I

11-6
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analytes are more significant than Type II analytes) from the three methods,
was used to define Type I, II, and III analytes.

Type I analytes constitute 99% of the cumulative risk or waste class
index for all analytes and tank groups; Type II analytes constitute 0.9% of
the cumulative risk or waste class index for all analytes and tank groups; and
Type III analytes constitute less than 0.1% of the cumulative risk or waste
class index for all analytes and tank groups. The Type I and II analyte
groups were further divided into two subgroups each (Type I-A, I-B, II-A, and
II-8) to provide more detail. A list of the carcinogen and noncarcinogen Type
I-A and -B, Type I-A and -B, and Type III analytes, based on the combined
analyte priority list, is provided in Table 11-2.

Twenty-four analytes could not be prioritized because tank inventories
were not available. These analytes, listed on Table 11-3, do not appear to be
present in the tanks in large quantities based on the absence of these
analytes in TRAC and other historical sources of information. A preliminary
assumption is that these analytes do not present a significant health risk to

N. the public and were not used for this analyte priorities study. Future
efforts will be conducted to confirm this assumption.

In characterizing SST waste, it is important to know at what quantity an
analyte is considered a significant health risk or waste class contributor.
A concept called the concentration threshold (CT) was developed to assist in
determining when an analyte is in sufficient quantities in the tank to be

In considered a significant risk or waste class contributor. The CT value is
defined as the tank concentration of the analyte that represents 1% of the
cumulative health risk or waste class for a tank group. A CT value was
computed for each analyte, each tank group, and each of the three prioritizing
methods (LTRR, STIR, and WC). The CT values provide information to
(1) conduct qualitative analysis in planning waste characterization and
(2) evaluate remediation technologies.

The CT concept provides information on when an analyte is in sufficient
CM quantities in a tank to be considered a health risk. This concept can be

carried further to define detection limit goals (DLGs) that represent the
"lowest concentration of interest" in a tank for each analyte. The lowest
concentration of interest for an analyte is defined as a detection limit goal
(OLG), and can be used to identify current analytical detection limits (ADLs)
that may not be adequate, based on health risk and waste class criteria. DLGs
provide information on the quality of data needed to characterize SST waste.

These DLGs are computed by taking the most restrictive CT values for an
analyte and dividing by 10 for CTs and CTw values or dividing by 100 for
CTLTRR values. A safety factor of Y8 is assigned to all DLGs because of the
general variability in the ADL methods. An additional safety factor is
assigned to the CT TR because of the uncertainty in the risk-based code used.
Future efforts wilt Be conducted to reduce the uncertainty in the LTRR method
and to determine statistically significant DLG values based on the CT concept.
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Carcinogen Noncarcinogen

Type 1-A Type 1-S Type l1-A Type 11-B Type III Type [-A Type I-B Type Il-A Type Il-B Type Ill

241A 242mm C4 243A 225Ac AL Ba Ag C2H3 03  C2 0414 6 3Ni 93mNb 242Cm 227Ac I C6 H507  Fe(CN) 6  Ca Ce

137Cs 238pu 237NP 234U 242A, Cr+6  Cd K CL
1291 24 1Pu 245Cm EDTA CN La

239, 235 135Cs F C0 3  Sea 4
240, 231Pa Fe HEDTA Sn

90Sr 233Pa "n Pb W04
99Tc 210Pb Na SiO3
23% 210Po Ni S04

90Y 223Ra N02  Zr

2Ra NO3
226 aHRa OH

28 Ra PD4
106u

79Se

229 Th

230 Th

234Th
233

U

Type IA analytes include 0.00% to 90.00% of cumulative ranking index
Type IS anaLytes include 90.00% to 99.00% of cumulative ranking index
Type IIA analytes include 99.00% to 99.90% of cumulative ranking index
Type 118 anaLytes include 99.90% to 99.99% of cumulative ranking index
Type III anaLytes less than 99.99% of cumulative ranking index
(Note 'm' as part of the isotope number indicates metastable state)

C204 - OxaLate
C 2H303 - Hydroxyacetic acid
CAH 0y - Citric acid

Fe C1)6 - Ferrocyanide

I-4

CO

C-)
04"

CD
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Tables 11-4 through II-11 provide the AOL and DLG values for each SST
analyte group by Type (I, II, III, or unranked) and health effect (carcinogen
or noncarcinogen). If the AOL is greater than the computed DLG, the AOL is
identified as potentially inadequate and additional analytical methods
development is required. To easily identify suspect ADLs, a ratio ADL-to-DLG
was computed and included in Tables 11-4 through I1-11. If this ratio is
significantly greater than 1.0, the AOL is considered inadequate with respect
to the DLG. However, if the analyte concentration in the tank is orders-of-
magnitude greater than either the AOL or the DLG, then additional efforts to
revise the AOL will be unnecessary. It is important to understand that the
AOL is suspect only if (1) it is greater than the DLG and (2) the quantities
of that analyte in the tank is at or below the AOL.

In conclusion, the analyte priority list and the DLGs were developed
using a health-risk code and regulatory criteria to determine preliminary DQOs
for the SST waste characterization plan. It is important to note that these
results are preliminary and will change as more information is gained from
future sampling and analysis efforts. The analyte priority list and DLGs will
be updated and refined for the continuing SST waste characterization effort.

Table 11-3. List of Analytes Without Tank Inventories.

Radionuclides

6Co

94Nb

C-o Pu

23 Th

9Zr

Chemicals

S-2

Co
NH4TI
Th
Ti
U*
Zn
As
V
Be
Sb
Hg
Cu
Sr *

*The inventory of these two analytes could
have been calculated based on curie content.
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Table 11-4. Detection Limit Goals and Analytical Detection Limits
for Type I Carcinogens.

Carcinogen
Analyte

21Am

242MAM
14c
3CS
29 1

6Ni
28Pu

2 1Pu

9Sr
99TC
235u
2Mu
90Y

Detection
Limit Goal

(pCi/g)

3.0
3.0
6.4
3.8
2.1
5.8
3.0
3.0
3.0
1.0
2.3
1.4
4.4
6.8
5.7

E-05
E-05a
E-06
E-02
E-08
E-03
E-05
E-05
E-05
E-03a
E-02
E-06
E-08'
E-08'
E-02

Analytical
Detection Limit

(pCi/g)

4.0
1.0
5.0
1.0
7.0
TBD
7.0
7.0
7.0
1.0
4.0
9.0
3.0
2.0
TBD

E-04
E-04
E-05
E-03
E-06

E-05
E-05
E-05
E-05
E-03
E-04
E-08
E-07

Ratio of
Limit AOL to- DLG

(None)

1.3
3.3
7.8
2.6
3.3
NC
2.3
2.3
2.3
1.0
1.7
6.4
6.8
2.9
NC

E+O 1
E+00
E+00
E-02
E+0Qlb

E+00
E+00
E+00
E-02
E-0 1
E+02"
E-0 1
E+00

'Determined based upon the AOL of a different isotope.
bSuspect Analytical Detection Limit.
NA - data or method is Not Available
TBD - detection limit To Be Determined
NC - value could not be computed.
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Table 11-5. Detection Limit Goals and Analytical Detection Limits
for Type I Noncarcinogens.

Noncarcinogen
Analyte

Al
Ba
Bi
Cd
C6Hf507
CN
CD 0
Cr
EDTA
F
Fe
HEDTA
Mn
Na
Ni
NO2
NO3
OH
Pb
P0 4

Si 03
So4
Zr

Detection
Limit Goal
(pg/g)

6.3
8.7
3.9
5.3
4.4
3.8
3.3
7.9
8.8
1.1
4.4
4.4
1.9
4.8
3.9
4.3
9.4
4.4
2.7
4.3
1.3
4.3
4.1

E+00
E-01
E+00
E-01
E+02
E-03
E+02
E-02
E-04
E+00
E+01
E+01
E+00
E+02
E+00
E-02
E-0 1
E+01
E+00
E+01
E+01
E+02
E+02

Analytical
Detection Limit

(pg/g)

1.3
9.2
1.3
1.6
TBD
TBD
TBD
5.7
5.0
2.0
2.0
5.0
3.7
3.3
5.0
4.0
4.0
NA
5.0
4.0
1.5
4.0
2.5

E+01
E-01
E+00
E+00

E+00
E+01
E+a I
E+00
E+O 1
E-01
E+01
E+00
E+01
E+01

E-01
E+0 1
E+O I
E+ I
E+00

Ratio of
AOL to DLG
(None)

2.1
1.1
3.3
3.0
NC
NC
NC
7.2
5.7
1.8
4.5
1.1
1.9
6.9
1.3
9.3
4.3
NC
1.9
9.3
1.2
9.3
6.1

E+00
E+00
E-01
E+00

E+ 1
E+04*
E+O 1
E-02
E+00
E-0 1
E-02
E+00
E+02
E+O 1

E-0 1
E-0 1
E+00
E-02
E-03

- data or method is Not Available
- detection limit To Be Determined
- value could not be computed

*Suspect Analytical Detection Limit.

Il-11
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Table 11-6. Detection Limit Goals and Analytical Detection Limits
for Type II Carcinogens.

Carcinogen
Analyte

24.3Am
2"Cm

'Nb

234u

Detection
Limit Goal
(pCi/g)

3.0 E-05a
2.2 E-040

3.0 E-05
NC
3.0 E-05
3.5 E-048

Analytical
Detection Limit

(pCi/g)

7.0 E-03
5.0 E-05
4.0 E-04
TBD
1.6 E+00
1.0 E-11

Ratio of
ADL to DLG

(None)

2.3 E+02b
2.3 E-01
1.3 E+01
NC
5.3 E+04b
2.9 E-08

8Determined based upon the ADL of a different isotope.
bSuspect Analytical Detection Limit.
NA - data or method is Not Available
TBD - detection limit To Be Determined
NC - value could not be computed.

Table 11-7. Detection Limit Goals and Analytical Detection Limits
for Type II Noncarcinogens.

Noncarcinogen
Analyte

Ag
Ca
C2H303
Fe(CN) 6
K

Detection
Limit Goal
(pg/g)

1.9 E+01
1.8 E+02
4.4 E+02
8.9 E+01
4.4 E+02

Analytical
Detection Limit

(pg/g)

3.9 E+00
3.6 E-01
TBD
TBD
1.3 E+02

Ratio of
ADL to DLG

(None)

2.1 E-01
2.0 E-03
NC
NC
3.0 E-01

NA - data or method is Not Available
TBD = detection limit To Be Determined
NC - value could not be computed.
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Table 11-8. Detection Limit Goals and Analytical Detection Limits
for Type III Carcinogens.

Carcinogen
Analyte

MAc
127Ac
242A*

24sCM*
135ss
231Pa

mnPa
21OPb
210Po

26Ra
228Ra
10Ru
7Se

22Th

2'Th
234Th

Detection
Limit Goal
(pCi/g)

4.1 E-03
NC
4.1 E-05
3.0 E-05
NC
NC
2.5 E-02
NC
1.7 E-03
5.0 E-03
5.8 E-03
NC
NC
1.6 E-02
NC
NC
NC
1.4 E-04
2.3 E-01
3.5 E-04

Analytical
Detection Limit

(pCl/g)

TBD
TBD
7.0
2.0
TBD
TBD
TBD
TBD
TBD
TBD
TBD
TBD
TBD
TBD
TBD
TED
TBD
TD
TBD
7.0

E-07
E-0 I

Ratio of
ADL to DLG

(None)

NC
NC
1.7
6.7
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
2.0E-12

E-02
E+03

E-08

*Determined based on the ADL of a different
NA - data or method is Not Available
TED - detection limit To Be Determined
NC - value could not be computed.
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Table 11-9. Detection Limit Goals and Analytical Detection Limits
for Type III Noncarcinogens.

Noncarcinogen
Analyte

Ce
Cl

C204
La
SeO4
Sn
W04

Detection
Limit Goal
(pg/g)

3.8 E+02
1.1 E+00
3.2 E+01
4.4 E+02
2.9 E-01
4.5 E+01
2.1 E+02

Analytical
Detection Limit

(pg/g)

5.4 E+01
2.0 E+01
TBD
4.8 E+00
-5.0 E-01
TBD
TBD

Ratio of
ADL to DLG

(None)

1.4 E-01
1.8 E+01
NC
1.1 E-02
1.7 E+00
NC
NC

NA = data or method is Not Available
TBD - detection limit To Be Determined
NC - value could not be computed.

Table I1-10. Detection Limit Goals and Analytical De
for Unranked Carcinogens.

tection Limits

Carcinogen
Analyte

As60Co
3 H
94Nb
59Ni
242Pu*
126Sn
232Th
236 U*
U*

4Zr

Detection
Limit Goal
(yCi/g)

1.7 E-03**
2.6 E-03
3.3 E-04
3.3 E-05
3.6 E-02
1.1 E-04
9.6 E-02
2.8 E-05
2.6 E-08
1.4 E-01

Analytical
Detection Limit

(pCi/g)

7.0 E-03**
TBD
8.0 E-05
TBD
TBD
3.0 E-01
TBD
TBD
1.0 E-09
TBD

Ratio of
ADL to DLG

(None)

4.1 E+00
NC
2.4 E-01
NC
NC
2.7 E+03+
NC
NC
3.8 E-02
NC

* Determined based on the
"As values are in pg/g.

ADL of a different isotope.

NA = data or method is Not Available
TBD - detection limit To Be Determined
NC - value could not be computed.
+Supsect Analytical Detection Limit.
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Table Il-11. Detection Limit Goals and Analytical Detection Limits
for Unranked Noncarcinogens.

Noncarcinogen
Analyte

Be
Co
Cu
Hg
NH3
Sb
Sr
S-2

Th
TI
Ti
U
V
Zn

Detection
Limit Goal
(pg/g)

3.3 E-03
2.2 E+00
TBD
7.8 E-03
4.4 E+00
9.0 E-03
4.4 E+02
TBD
TBD
4.4 E-01
TBD
6.3 E+00
4.9 E-01
4.4 E+01

Analytical
Detection Limit

(pg/g)

4.0
1.0
4.1
2.0
3.0
2.7
3.4
TBD
4.1
7.8
3.0
3.3
2.7
1.2

E-02
E+02
E+00
E-01
E+00
E+01
E-01

E+01
E+02
E+00
E+02
E+00
E+00

Ratio of
ADL to DLG

(None)

1.2
4.5
NC
2.9
6.8
3.0
7.7
NC
NC
NC
NC
5.2
5.5
2.7

E+0 1
E+0 1

E+0 I
E-01
E+03+
E-04

E+01+
E+00
E-02

NA - data or method is Not Available
TBD - detection limit To Be Determined
NC - value could not be computed.
+Suspect Analytical Detection Limit.

N

0%
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11.2.2 Decision Quality

The fundamental requirement for the SST characterization data is that
tank closure decisions are adequately supported. Under the Hanford Defense
Waste Environmental Impact Statement (DOE 1987) decisions on the remediation
(closure) strategy for SST's will be made on a tank-by-tank basis. The
options available include retrieval and treatment of SST waste in the same
facilities that will be used to separate and isolate DST waste, and a range of
in place disposal options.. The reliability with which these decisions are
made is a direct consequence with the data available on tank inventories.
Thus a statistical simulation of decision making (Decision Simulation) is
being employed to determine the effects of the various features of the
characterization activity on decision quality. These features include the
number of cores per tank, the degree to which cores are analyzed as composites
or as segments, and the degree of analytical error which will determine the
number and distribution of sample duplicates. Based on these studies
Westinghouse Hanford will develop a core sampling and chemical analysis plan
commensurate with preliminary results from the Decision Simulation and other

'0 characterization objectives and requirements. The Decision Simulation and its
implementation uses information proceeding from various other statistical
activities.

11.2.2.1 Statistical Activities to Date. The following are brief descrip-

o tions of the statistical analyses of data from the sampling of SST B-110 in
Phases IA and IB. Results used to formulate recommendations for Phase IC

Ln sampling that relate to the sampling plan for each tank (number of cores to be
taken, etc.) and the analytical protocol (specification of segment or
composite analysis and the number of homogenized replicate aliquots, etc.) are
emphasized.

* Analysis of Sources of Variability and Comparison of Core Composite
and Segment Analysis Results

An analysis of variance (ANOVA) was performed on concentrations of
C\ metals, anions, and radionuclides to obtain estimates of components

of variability. These components are analytical variance,
homogenization variance, and spatial (horizontal and vertical)
variance. Analytical variability attributable to the error
associated with any particular analysis can be measured by
performing duplicate analyses on the same sample and comparing the
results. Homogenization uncertainty is the error due to the
inability to sufficiently mix a heterogeneous sample to obtain an
aliquot that is representative of the entire mixture. It can be
determined by obtaining two separate aliquots from different
locations within the homogenized sample and comparing the analytical
results from each aliquot. This procedure assumes that the
analytical uncertainty is well understood and smaller in magnitude
than the homogenization error. The homogenization error can be
measured for both homogenized segments and homogenized core
composites. The horizontal and vertical variabilities are
respectively associated with the distribution of constituents across
the tank in the horizontal and vertical planes. For most of the
constituents examined, analytical variance was largest in magnitude,
followed by segment and composite homogenization variance, and
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horizontal variance. However, for many Type I and Type II
constituents (see Table 11-2), the ordering was generally reversed,
for analysis results from fusion and some acid leach preparations.
For cases in which the spatial variance components are largest, more
core samples may be needed. Alternatively, if the dominant
components of variability are homogenization and analytical
uncertainty, relatively fewer cores are needed, but more replicated
analyses of homogenized aliquots and duplicates from aliquots are
required.

* Statistical Adequacy of Core Composite Procedure

Even though much of the SST waste is thought to exhibit distinct
vertical layering, the determination of the average tank inventories
can be based on analysis of core composites under certain
conditions. This would greatly simplify and reduce the cost of the
SST characterization effort. Comparisons between core composite and
segment level analysis were made to help resolve the need for
further segment level analysis during processing of 241-B-110
samples. The comparisons involved testing the difference between
the average core composite concentration and the average of the
average segment concentrations for significance (from zero). For
most constituents, this comparison resulted in significant
differences between individual core estimates for at most one core
out of seven analyzed. (These calculations are not yet publicly
available.) Thus the preliminary conclusion is that core composite
level analyses may be sufficient to determine average SST
constituent inventories.

* Analysis of Holding Time Data

The primary purpose of the holding time study was to evaluate if any
of the regulatory constituents for which holding times are important
were significantly affected by the slower processing requirements of
highly radioactive samples. The analytical objective was to
identify any decrease in constituent concentrations over time that
would result in false negative or low results. No holding time
effects were observed for the analytes examined in this study.
(These calculations are not yet publicly available.)

In addition, the presence of a long-term analytical or batch effect
was investigated. In more than half of the analytes examined (6 of
11), long-term analytical or "batch" effects were observed. This
suggests that standard duplicate analyses underestimate the total
analytical variability. There were insufficient data to distinguish
between either of these effects (if present) in Cr16 measurements.

* Numbers of Cores and Sampling Geometry

The variability in constituent concentrations within tanks is a
central issue in planning the waste characterization program.
Extreme spatial variability in constituent concentrations
essentially reduces the information content of data from samples and
requires a larger number of samples to provide a given level of
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confidence in decision-making. The decision simulation model is
used to simulate the sampling process for alternative numbers of
cores-per-tank and under alternative degrees of decision stringency.
The results are tabulated (relative frequency) probabilities of
correct, incorrect, and inconclusive decisions (for individual tanks
and in aggregate). The constituents considered are the majority of
those Type I and II analytes in Table H1-2 and the surrogate
decision criteria are limits for sums-of-fractions (summed ratios of
individual concentrations to their respective limits) for long-lived
and short-lived radionuclides (based on 10 CFR 61) and toxic
chemicals (WAC). The final decision criteria will be established at
a later date (SEIS). The spatial and analytical variabilities
relative to tank average concentrations estimated from the B-110
tank were assumed to apply to all tanks. The TRAC concentrations
were assumed to be the true tank means.

A generality that was drawn from the decision simulation results is
that 3 cores is sufficient for classifying an SST as either "leave"
or "retrieve," provided that the spatial variation in each tank is
like that of SST B-110 and that the TRAC estimated concentrations
for Type I and II analytes are accurate. It was found that tanks
which had high or low concentrations relative to the decision
thresholds were in most cases correctly classified with 2 cores per
tank. A few tanks in which concentrations were close to the
decision thresholds required as many as 5 to 6 cores for reliable
decisions. While this analysis is preliminary in the sense that it
depends on the assumption that the spatial variability in B-110 can
also be found in all of the SSTs, it does illustrate the importance
of this feature in structuring a reliable characterization scheme.
For this reason it may be desirable to obtain a greater number of
cores from the early SSTs sampled.

The issue of adequately determining spatial variability also effects
sampling geometry. Although geometry for core samples is often
constrained by riser locations and availability, the spatial pattern
of samples should be considered when selecting specific risers for
samples. The assessment of spatial covariability involves taking
core samples in a configuration which results in an even
distribution of pairwise sampling distances over short, medium, and
long distances. Lastly, if concentration estimates at arbitrary
locations in a tank are needed, then core samples should be
configured so as to provide reasonable lateral "coverage" of the
tank. Thus, in addition to configuring the design to support
estimation of the covariogram, the sampling layout must also exhibit
sufficient coverage to achieve other stated objectives.

11.2.2.2 Sampling Strategies. Recommended strategies for the sampling of the
next 10 SSTs were based upon the results and conclusions from the foregoing
statistical efforts. These recommendations are as follows:

* Core Sample Analysis

For each core composite the minimal set of constituents to be
analyzed are the Type I and II analytes listed in Table I1-2. These
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analytes are considered to be significant contributors to the
overall risk associated with the SST waste. Most of them are also
significant with respect to waste classifications (see 1.2.1).
Concentrations should be determined in duplicate for both replicate
composites and replicate aliquots from core composites to ensure
adequate information from which to estimate various components of
variability.

Spatial Variability

At the present time, the only source of information about the
spatial variability of various SST waste constituents is data from
Tank B-110. It is not known whether constituents in other tanks
exhibit similar patterns of spatial variability. In general it is
desirable to resolve this spatial variability issue early, and
therefore to take more than 2 cores per tank during the early stages
of the characterization effort. In order to estimate spatial
correlation, the 3 pairwise distances between risers should be as
evenly spaced between short, medium, and long distances as possible.
A diagram depicting recommended sampling locations for a typical
single-shell tank has been presented as Figure I1-I. The
recommended sampling configuration will provide improved estimates
of the covariogram (spatial correlation). Additional cores will
provide additional spatial resolution, provided that they can be
taken at locations which preserve the uniform spacing among
intercore distances.

Figure Il-1. Recommended Core Sample Locations for a Typical SST.

-*--------- e 2

Typical SST

Validation of the SORWT Model

The SORWT grouping model, used as a tool for characterization
planning has not been validated and is currently under technical
review. The selection of the next ten SSTs should take into account
the need to validate the model results.
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* Holding Times

Examination of the anion data led to the conclusion that no kinetic
holding time effect exists (for the constituents examined). For
other analytes, such as Cr(VI), there were insufficient data to
distinguish between a batch effect and a holding time effect. Since
Cr(VI) is a Type I analyte, its analysis plan should facilitate this
distinction. In particular, six replicate segment analyses for
Cr(VI)--each with homogenization replicates and sample duplicates--
should be done for one segment in one core. These analysis groups
should be done at regularly spaced times with the last set being
analyzed at the maximum time that the laboratory expects to hold
sample material.

11.2.3 EVALUATION OF IMPACTS

The Impact Analysis Study is concerned with evaluating the impacts of the
waste characterization plan on radiological exposure to workers, costs, and

CD schedules. These impact analyses will assist in evaluating alternative
sampling and analytical testing programs for SSTs during subsequent
characterization phases. Recommendations are provided for choosing among
sampling alternatives that provide decision-making capability using minimal
resources and identification of process areas where improvements can yield

o3 reductions in resource needs and schedule compression. Dose impact analysis
provides for postulating the occupational dose acquired by the radiological
worker as a result of his involvement with SST waste characterization.

The scenarios being evaluated vary according to the number of cores
sampled and analyzed per tank, the number of segments and core composite
samples analyzed per core, and the number of duplicate and spiked samples

cv analyzed per segment (or core composite). The current set of cases are:

Case 2A: Two cores per tank. Duplicate and spiked samples are analyzed
for one segment of five and the core composite.

Case 2C: Two cores per tank. Segments are analyzed for physical
properties and volatile constituents. All other tests are run
on core composite samples only, including the duplicate and
spiked samples.

Case 3A: Three cores per tank. Duplicate and spiked samples are
analyzed for one segment of five and the core composite.

Case 3B: Three cores per tank. Duplicate and spiked samples are
analyzed for all five segments and the core composite.

Case 3C: Three cores per tank. Segments are analyzed for physical
properties and volatile constituents. All other tests are run
on core composite samples only, including the duplicate and
spiked samples.

'Five segments are assumed to be in each core sample for this study.
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Case 4A: Four cores per: tank. Duplicate and spiked samples are analyzed
for one segment of five and the core composite.

Waste characterization has been divided into four process categories of
work that must be performed on a core sample from a tank for the purposes of
the impact analyses. The process categories are:

(1) Tank sampling
(2) Segment receipt and handling (at the laboratory)
(3) Sample transfer (from hotcell to hood, where appropriate)
(4) Sample analysis

Westinghouse Hanford performs the tasks associated with process
categories I and 3 (if required). Both Westinghouse Hanford and PNL personnel
are assumed to participate in process categories 2 and 4. The laboratory work
is alternated between labs on a tank-by-tank basis.

11.2.3.1. Radiological Dose Impacts. The radiological characteristics of the
SST waste are determined by the radionuclides present. The primary
radioactive species of concern with regard to external exposure are those
emitting beta particles, gamma rays, or both. Only those beta particles with
sufficient energy to penetrate the walls of the sample container and reach a
worker present an exposure potential. Preliminary analytical data indicate

C that only Cesium-137 and Yttrium-90 are of concern in the context of extremity
exposure.

in
Empirical data obtained during Phase IA and IB in combination with

process background data and the TRAC database were used to calculate extremity
dose received during sampling and analysis of tanks during Phase IA and IB.
Empirical data consisted of personnel dosimetry, radiochemical analysis
results, and radiological surveys obtained during Phase IA and IB. Process
background data consisted of information obtained from procedures and analysis

-- scenario. Process background data determined constraints such as the sample
weight required for a sample analysis, the number of segments retrieved from

NM each tank, and the number of duplicate and/or spiked samples for each
analysis. Process background data is used directly in the derivation process
or indirectly as the basis for simplifying assumptions.

Tables Il-12 through 11-16 present a summary of the actual personnel dose
data from Phase IA and lB used in the impact analyses. The data shown from
process categories 1, 2, and 3 are empirical data taken from dosimetry records
during Phase IA and IB characterization work. The data shown from process
category 4 (Tables 11-15 and 11-16) show the analyses that are assumed to be
performed during the remainder of SST waste characterization. Empirical data
was used for the first eight analyses (Table 11-15). Empirical data was not
available for the remaining nine analyses (Table 11-16), however, the average
dose per analysis inferred from similar analyses where data was available.
Also note that during the period of time for which the SST characterization
dose was recorded the workers did not work exclusively on SST samples. The
dose received from working on any other samples was embedded in the personnel
dose reports, therefore the reported extremity exposure are conservatively
high.
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Table il-12. Process Category 1 - Sampling Operations.

PERSONNEL AMOUNT TOTAL DOSE DOSE PER SEGMENT
(segment) (mrem)

A 5 9.4 1.9 mrem/segment

B 5 10 2 mrem/segment

C 5 10 2 mrem/segment

D 5 20 4 mrem/segment

E 5 10 2 mrem/segment

F 5 10 2 mrem/segment

Process Category 1 Total - 13.9 mrem/segment

Table 11-13. A&B Process Category 2
Sample Receipt and Handling.

A. Sample Receipt

PERSONNEL AMOUNT TOTAL DOSE DOSE PER SEGMENT
(segment) (mrem) I

1 5 9.4 1.9 mrem/segment

2 5 23 4.6 mrem/segment

3 5 13 2.6 mrem/segment

4 5 3 0.6 mrem/segment

Process Category 2A Total - 9.7 mrem/segment

B. Sample Handling

PERSONNEL AMOUNT TOTAL DOSE DOSE PER SEGMENT
(segment) (mrem)

1 5 13 2.6 mrem/segment

2 5 3 0.6 mrem/segment

3 5 13 2.6 mrem/segment

4 5 3 0.6 mrem/segment

Process Category 2B Total - 6.4 mrem/segment

Process Category 2 Total - 16.1 mrem/segment
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Table 11-14. Process Category 3 Sample Transfer
(from hotcell to hood).

PERSONNEL AMOUNT TOTAL DOSE DOSE PER SEGMENT
(gram) (mrem) 

A136.1 20 0.15M mem/segen~t

Table I1-15. Process Category 4 Sample Analysis (Empirica).

ANALYSIS MONTH CHEMIST SAMPLE NUMBER TOTAL AVERAGE
WEIGHT OF DOSE DOSE
(gram) SAMPLES (mrem) (mrem)

Acid Digestion 1 A 1 6 10
2 A 1 40 30

0.9 mrem

.Water Leach 1 B 1 9 40
2 8 1 19 45.2
3 B 1 22 50

C 1 28 13.3
1.9 mrem

pH 1 C 2.5 53 110
2 C 2.5 45 50
3 C 2.5 72 85.7

1.4 mrem

Fusion 1 0 0.25 34 8
2 0 0.25 16 5
3 D 0.25 19 6.2

____ _ _ ___ __ ____ _ _ ___ ___0.3 mrem

Percent Water 1 D 2 54 102
2 B 2 1 4.8

D 2 22 55
3 C 2 1 1

o 2 32 83.8
2.2 mrem

Total Gamma 3 A 0.25 8 25 3.1 mrem
Analysis

DSC 3 A 0.25 8 25 3.1 mrem

Volatile Organic N/A F 1 58 9.4 0.2 mrem
Analysis--- _____ ___
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Table 11-16. Process Category 4 Sample
Analysis Inferred).

ANALYSIS ANALYSIS SAMPLE AVERAGE
BASIS WEIGHT DOSE

I (gram (mrem)

Semi-Volatile Volatile 1 0.2 mrem
Organic Analysis Organic

Analysis

Extractable Volatile 1 0.2 mrem
Organic Halides Organic

Analysis

Carbon-14 PH 1 0.6 mrem

Sulfide PH 1 0.6 mrem

Mercury 1 0.6 mrem

Cyanide pH 1 0.6 mrem

Arsenic PH 1 0.6 mrem

Selenium DH 1 0.6 mrem

Particle Size Fusion 0.25 0.3 mrem
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The total dose (in rem) acquired by all workers exposed during the entire
course of SST waste characterization sampling and analysis is shown in
Figure 11-2 for the scenarios of interest. The dose is separated into amounts
received for each process category. Comparison of the same number of cores,
but alternative numbers of replicate samples (by observing Cases 3A, 3B, and
3C in Figure I1-2) show more extremity dose is received by laboratory
personnel from process category 3 (sample transfer) and process category 4
(analysis and testing) following the "B" alternative. The "B" alternative
performs analyses on duplicate and spiked samples for all segments of a core
sample. While this alternative may provide additional data quality, it is at
the expense of increased radiological dose to the laboratory workers.

The dose impact of SST waste characterization work on an individual
worker performing tasks in each process category is shown in Table I1-17. The-
annual effects for process categories 1 and 2 are shown for an assumed maximum
of one crew supporting one sampling rig handling 24 cores per year. Process
categories 3 and 4 are shown for an assumed maximum of one laboratory worker
supporting two crews and sampling rigs handling a total of 48 cores per year.

LO The more restrictive "B" alternative is used for this analysis.

IV)
Table 11-17. Annual Dose per Characterization Worker.

Process Category Number of Cores Annual Dose
Handled Annually per Person

1 24 2.0 rem

2 24 3.6 rem

3 48 2.9 rem

4 48 3.1 rem

The dose impact was calculated based upon three alternative laboratory
analysis scenario configurations. These three configurations were: (1) all
testing and analyses were performed in fume hoods; (2) all testing and
analyses were performed in hotcells; and (3) testing and analyses were
performed alternatively in fume hoods and hotcells (Basecase). These
comparisons are illustrated in Figure 11-3.

11.2.3.2. Schedule and Cost Impacts. The process logic and associated
schedule and cost impacts were extrapolated from information obtained through
interviews with laboratory management personnel. The schedule estimates are
based on multiples of cores for the different scenarios of interest. The
duration for processing a core sample is calculated using a standard
scheduling tool. Cost figures are estimated based on the personnel and time
that is required to process the core sample. Overhead charges are applied to
account for management, use of equipment and supplies, and waste handling.

Several simplifying assumptions were made in order to arrive at the
preliminary estimates. The key assumptions were that no rework occurs, tank
sampling equipment was always available, and laboratory resources were
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available when needed. Since sample control and sample analysis procedures
are being evaluated for performance during Phase IA and IB, and continuous
process improvement and learning is expected during the lifetime of the SST
waste characterization program, the assumptions implicit in these initial
estimates will be adequate for a first iteration.

Additional data and closer correlation with work processes are needed to
confirm the dose estimating model and to provide a more detailed estimate of
resource requirements. Dose impact analysis during Phase IC will focus on
gathering empirical data for (1) more precise correlation between occupational
dose and SST samples actually handled for (2) substantiation of the
preliminary dose estimate calculations.

The focus of the schedule and cost impact analyses during Phase IC, and
subsequent the phases of SST waste characterization, will be on gathering and
analyzing empirical data for calculation of schedule and cost impacts,
including (1) data package preparation, data analysis, (2) identification of
resource constraints, and (3) how to prevail over the limitations that the
resources suggest.
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12.0 SUMMARY OF LESSONS LEARNED FROM PHASE IA/IB

One of the primary objectives of Phase IA/IB was to evaluate technical
and administrative procedures used to sample, analyze, and report data.
Lessons learned from this evaluation are described for the following
operations: sampling, hot cells, analytical, and
administrative/organizational.

12.1 SAMPLING OPERATIONS

Chain-of-custody procedures were implemented during Phase IA/IB. Some
improvements have been made in the chain-of-custody form based on experience
from Phase IA/IB. A new, disposable sampler will be implemented starting with
SSTs B-201 and B-202 which will reduce the potential for cross contamination
between samples, and reduce the time and cost involved in transporting and
cleaning the sampler.

The sampling equipment did not perform well for the drier wastes found in
Tank U-110. (The average recovery for sampling this waste was about 50%.)
The selection of tanks with softer waste will be important until a system
capable of sampling drier and harder waste is available. Incomplete sample
recovery impacts the interpretation of the data and the representativeness of
the core composite.

Additional needed improvements in the sampling operations were noted as a
result of phase IA/IB. These included increasing shipping cask inventories to
enable continued core sampling while allowing for decontamination of the
shipping casks and liners. Shipping procedures have also been modified to
incorporate road closure when core samples are shipped to the 300 Area. Core
Sample Truck operating delays for riser set-up and break-down can be reduced
by the addition of a three man support crew.

Normal paraffin hydrocarbons (NPH), used in the sampling process to
provide a hydrostatic head, seriously affect the analytical procedures for
determining organics of regulatory interest and total organic carbon (TOC)
analyses. The NPH contamination of samples requires large sample dilutions
before analyses, making it impossible to meet reasonable detection limits. In
addition, the NPH affects the long-term performance of the gas chromatography
(GC) columns and mass spectrometer, and can cause more frequent down times and
instrument repairs.

In order to alleviate the adverse effects of NPH sample contamination two
projects are currently underway. For near-term core sampling events, an NPH
clean-up technique is being developed to remove the NPH contaminatin and allow
volatile analysis using a GC/MS system. The long-term solution to this
probelm will be replacement of NPH as a hydrostatic head with a pressurized
inert gas.
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12.2 HOT CELL OPERATIONS

Both laboratories extruded, homogenized, and composited waste samples in
the hot cell. In addition, PNL performed dissolution and some separation
operations in the hot cell.

The Omni Mixer used by PNL worked well on the soft/wet tank B-110 waste.
After mixing the tank B-110 segments, a small volume of separable aqueous
phase sometimes resulted. The Stomacher Mixer used by the 222-S Laboratory
did not work well on the drier tank U-110 wastes. This waste sometimes
contained lumps of harder material that would puncture the plastic bags used
with the mixer. The Stomacher may still be adequate for softer waste;
however, improved mixing systems will be needed for drier/harder forms of
wastes.

Complex operations such as distillation of cyanide performed very
inefficiently in the hot cell because of the limitations in setting up
multiple systems and because of the large number of analyses required to meet

C quality control requirements. More efficient hot cell distillation systems
will be needed to meet the stratified testing requirements for ferrocyanide

14. wastes.

12.3 ANALYTICAL OPERATIONS

In
12.3.1 Metal Ions

Regulatory-based acid digestion procedures were implemented for the
analysis of metals by inductively coupled plasma (ICP) and Graphite Furnace
Atomic Absorption (GFAA). The 222-S Laboratory did not utilize interalement
corrections for ICP analysis of tank U-110 wastes. This resulted in false
positive results for some environmentally sensitive metals. Interelement
corrections will be required for the complex matrices found in SST wastes.

N. Improved data handling and reporting systems for the ICP are needed for both
labs because of the large volume of data generated in the analysis of the

0% samples for 20 to 30 elements and associated quality control requirements.

Pacific Northwest Laboratory used GFAA to measure Arsenic, Selenium, and
Lead. Initial results for these analyses had relatively high less than values
(20 gg/g) probably due to high dilution factors and small sample sizes;
however, these later improved to 2 gg/g. GFAA equipment at PNL needs to be
upgraded to improve the performance. Arsenic and selenium were determined by
hydride atomic absorption (HYAA) methods at the 222-S Laboratory. The GFAA
capabilities need to be added at this laboratory to confirm ICP Pb analyses
and to improve detection limits for metals such as Sb and Ti if required.

12.3.2 Anions and Wet Chemical Analyses

A water digestion method was implemented for leaching the anions and
water-soluble organics from the SST waste. Even though no obvious problems
were noted with this procedure, further evaluation of its performance should
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be documented. The effect of time, temperature, and mixing method on leaching
completeness should be studied and documented to optimize the method.

The 222-S ion chromatography (IC) results contained numerous high l.ess
than values, particularly for sulfate. The cause of these high less than
results needs to be evaluated to determine if the high values are the result
of large dilutions or from matrix effects such as high aluminum or high
phosphate. Data specifications and Detection Limit Goals detailed in
Section 11.2.1 are needed to provide the laboratory with guidance about
required detection levels.

The effect of water-soluble organics on the IC chromatograms also should
be evaluated to ensure false positive results are not reported. The potential
of analyzing these organic compounds on the IC also should be evaluated since
they will be important in the characterization of complexant waste tanks.

Faster cyanide methodology for hot cell applications will be needed if
cyanide analysis on segments or layers is required. Analysis of cyanide at PNL

- was one of the most manpower-intensive methods. Alternate methods are being
evaluated. These methods also must be applicable to the highly insoluble
cesium nickel ferrocyanide compounds and be effective for the high cyanide
concentrations expected in the ferrocyanide tanks.

A method with better detection limits needs to be implemented for ammonia
analysis at the 222-S Laboratory. High less than values were reported during

in Phase IA/IB.

12.3.3 Radiochemical Analysis

A fusion/acid digestion method was used for the preparation of samples
for all radiochemical analyses except 4C and tritium, which were analyzed on

- the water digestion. Additional data are needed to support the
fusion/digestion procedure to determine the effect of the high temperature and
acid treatment on the recovery of potentially volatile radionuclides such as
1291 and 99Tc from the SST waste matrices.

The total alpha procedures at both laboratories did not perform well with
the high salt and chloride matrix of fused samples. Method improvements need
to be evaluated that can determine total alpha in the waste at 10 to 25 nCi/g
levels. Determination of total alpha in the acid digestions would eliminate
the high salts from the KOH fusion but would still have a chloride problem.
Comparisons of total alpha from fusion and acid digestions would be needed to
verify that the acid result recoveries are comparable to the fusion.

The PNL method for radiochemical spike evaluation did not reflect the
effect of the sample matrix. Pacific Northwest Laboratory spiking procedures
need to be changed so that the effect of the sample matrix on the recovery of
the spike can be evaluated. The 222-S Laboratory needs to report results for
2 8 Pu and 2"Cm. These results are available from alpha energy analysis but
may be very low (2"Cm) or may hae,2 interferences from spike materials that
require additional corrections (, Pu). The 222-S Laboratory also needs to
lower its detection limit for Np analyses.
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Improved data-handling and reporting methods are needed for radiochemical
data.

12.3.4 Organic Analyses

The detection limits for TOC need to be improved at the 222-S Laboratory.
This will probably require new equipment with larger sample-handling
capabilities. This new equipment should include the ability to determine TOC
directly on the solids.

Several problems were identified in the determination of organics that
are of regulatory interest. The major problem Is the interference caused by
contamination of the sample with normal paraffin hydrocarbon (NPH) used in the
sampling process. This material required the samples to be diluted to the
point that the trace organics were not detectable. In addition, NPH seriously
impacted the performance and reliability of the GC/MS instrumentation. New
sampling procedures or methods to selectively remove the NPH from the sample
are needed before organic analyses are continued.

Organic analyses in Phase IA/IB also indicated that there was an unknown
polar substance affecting the volatile organic method. Analyses also

- indicated that the high nitrate in the sample may be reacting with the
surrogate organics used to evaluate the method. These areas need further
evaluation.

The method used by 222-S Laboratory to determine complexants
ethylenediametetraacetic acid (EDTA) and hydroxyethylenediametetraacetic acid
(HEDTA) is no longer functional because of changes in High-Performance Liquid

N. Chromatography (HPLC) column material. Improved methods for identification of
complexants (i.e., water soluble organics) will be valuable in safety

04 assessments for the waste in the tanks and for establishing distribution
coefficients in performance assessment evaluations.

12.3.5 Characteristic Testing

Experience gained in EP-toxicity testing in Phase IA/IB will be applied
to implementing the TCLP tests for wastes from new tanks. The PNL pH
procedure needs to be modified so that the results are in compliance with
corrosivity testing requirements.

12.4 ADMINISTRATIVE/ORGANIZATIONAL OPERATIONS

Batching of samples is important in improving laboratory efficiency and
for ensuring that proper quality control of measurements is maintained.
Experience gained in Phase IA/IB will improve batching procedures for the
different operations.

Data compilation and report generation was more manpower-intensive for
Phase IA/IB than expected. Until more efficient data management systems are
available, a significant staff will be required to compile the data and
prepare the reports.
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Quantitative DQOs were not clearly established for Phase IA/IB. This
resulted in the laboratory reporting some data that may not be useful and can
not be evaluated. The laboratory needs more specific guidance on required
measurement limits and variability goals.

Data evaluation procedures need to be better defined, and implemented on
a more real-time basis to permit quick response to problems and to prevent
reporting erroneous results. Either improved data management systems or
increased staff will be needed to perform more extensive data reviews.

Solid standards are needed to evaluate the entire analytical measurement
system. A system of analyzing these standards and tracking the laboratory
performance is needed to evaluate the laboratory procedures and personnel, and
to provide an indication of long-term analytical variances. An
interlaboratory sample exchange program needs to be implemented to
substantiate the results and identify potential problems in methodology.

12-5



WHC-EP-0210 Rev 3

This page intentionally left blank.

12-6



WHC-EP-0210 Rev 3

13.0 SELECTION OF THE NEXT TEN SINGLE-SHELL TANKS
FOR CHARACTERIZATION

The selection of the next 10 SSTs to be core sampled as part of Phase IC
of the Waste Characterization Plan was based on a number of criteria and
assumptions. The ultimate goals of the selection process were to obtain the
greatest amount of information on as many different waste type groups as
possible and to analyze the variance of the chemical and physical
characteristics of SST groups predicted by the SORWT model.

There are many uncertainties pertaining to programmatic priorities,
safety assessments, and sampling capabilities. During the course of sampling
the next ten SSTs, the need to alter the list of selected tanks may become
apparent due to shifting priorities or the inability to safely sample a
selected tank. If a new tank is selected in addition to or to replace the
selected tanks then the justification and schedule for the change shall be
appropriately documented.

13.1 SINGLE-SHELL TANK SELECTION CRITERIA

The SST selection criteria have been separated into primary and secondary
criteria. Groups of tanks that satisfy the primary criteria are SSTs that are
considered a high priority to sample. One SST from each high priority group
is then selected based upon the secondary criteria. The primary selection
criteria are listed in Section 13.1.1. The secondary selection criteria are
listed in Section 13.1.2.

13.1.1 Primary Single-Shell Tank Selection Criteria

The primary selection criteria are as follows:

" Single-shell tanks should belong to a large SORWT Group.
In order to obtain the most characterization information in the
shortest possible time, larger SORWT groups have a higher selection
priority than smaller SORWT groups.

* Single-shell tanks should contain relatively soft waste.
The current sampling technology is only capable of obtaining
sufficiently complete core samples from soft waste. It has been
shown that incomplete core samples significantly impacts the
confidence bounds of the tank inventory (Jensen 1988). A sampler
capable of sampling harder material will not be available before the
end of fiscal year (FY) 1992. Therefore, only SSTs containing
softer material will be core sampled until the new sampler is
available. An SST was considered to hold soft waste if it was on
the "Push-Mode" list (Kelly 1991) or if recent surveillance
photographs indicated a soft, moist surface.

* Single-shell tanks should satisfy multi-programmatic needs.
There are a number of open safety concerns pertaining to SST waste
such as FeCN6-scavenged waste and high-heat SSTs. The selected
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tanks should satisfy the sampling needs of the safety program to
enable closure of these issues. In addition, other SST programs,
such as retrieval, have legitimate sampling and analysis needs that
must be taken into account.

Selected SORWT groups must contain a large waste volume.
Some of the SST groups predicted by the SORWT model do not contain
significant quantities of waste even though they represent a large
number of tanks. These low-waste-volume groups should not be
sampled as a high priority. Some SORWT groups represent only a
limited number of tanks but possess large volumes of waste. These
high-waste-volume SORWT groups should be given a higher sampling
priority.

13.1.2 Secondary SST Selection Criteria

The secondary selection criteria are as follows:

" Single-shell tanks with the highest volume within a group should be
sampled. The SST containing the largest waste volume within each
group that satisfies the primary SST selection criteria should be
sampled. The largest waste volume SST should be the most
representative, on a volumetric basis, of the entire SORWT group.

* Variance of SORWT groups.
In order to measure the variance of the physical and chemical
properties of groups of SSTs predicted by the SORWT model, two tanks
from each of five SORWT groups should be collected. Single-shell
Tanks 8-201 and B-202 are already scheduled to be sampled and
constitute one of the five SORWT groups to be measured for
variability. In order to most efficiently sample SSTs before
closure of the SEIS database, the same SORWT group should not be
sampled more than twice during the next 10 sampling events. This
will provide a larger and more comprehensive database on which to ~
write the SEIS.

* Single-shell tanks should possess at least two risers.
In order to collect two representative core samples, samples from
two different risers from opposite ends of the tank would be
preferred. The configuration of recommended sample locations can be
found on Figure Il-1. The riser configurations can be checked from
references. However, the ability to collect core samples from a
particular riser can not be assured until they are opened and
inspected.

* Tri-Party Agreement milestones.
Westinghouse Hanford and the U.S. Department of Energy (DOE) has
committed to interim milestone M-10-06, which requires 20 core
samples be obtained from SSTs prior to September 1992. This
revision of the Waste Compliance Plan (WCP) supports this
milestone's requirements.
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13.1.3 Next Ten SSTs Selected

The SST selection criteria are reasonably efficient even if tanks do not
fall into groups as predicted by the SORWT model. Single-shell tanks are
selected and prioritized not only on the basis of group representation, but
also for programmatic needs, technological feasibility, total waste
represented, and variety of waste represented. Thus, the tank selection
criteria should aid in bounding the design and safety criteria and enable
informed decisions to be made pertaining to the final disposition of the SST
operable units, regardless of the existence of SORWT groups. The distinct
possibility that SSTs belong to groups of tanks with similar physical and
chemical characteristics, however, should make these selection criteria a very
effective method of choosing which tanks to sample.

The next 10 SSTs selected to be core sampled are presented in Table 13-1.
In addition, a short description of the technical justification for each
selection and its placement on the sampling order has been provided. In order
to estimate the spatial distribution of waste constituents in a SORWT group,
three cores per tank will be collected and analyzed for the first tank sampled
from an individual SORWT group. A minimum of two cores per tank will be
collected for the rest of the non-Public Law 101-510 list tanks sampled in a
SORWT group.

No SSTs have been selected from the largest three SORWT groups (see
C) Table 11-1) because these tanks contain saltcake and can not presently be

sampled. The second Core Sample Truck should be available for rotary-mode
sampling by the end of FY 1992.

The first column in Table 13-1 lists the chronological sampling
tN. order for the next ten SSTs. An asterisk (*) next to the sample order

indicates that this tank is on the Push-Mode List as defined by Internal Memo'
C4 WHC-86431-91-002 (Kelly 1991). These tanks contain waste that is soft and

should not pose any difficulties for sampling. The remaining SSTs on
Table 13-1 are considered candidates for push-mode sampling based upon the
waste types contained in the tank and interpretation of recent surveillance
photos. The next column identifies which of the tanks are identified by

C' Public Law 101-510 and the safety issue associated with the particular tank.
Columns 3, 4, and 5 identify the specific SST proposed to be sampled, the
number of cores per tank, and the number of segments per core, respectively.
The next column contains the waste type group number in which this tank was
predicted by the SORWT model. The seventh column categorizes the primary and
secondary solids-forming waste types expected to be present in the tank. This
information was used by the SORWT model to organize the SSTs into groups. The
next column contains the number of tanks that belong to the same group as the
sampled tank. The next two columns respectively report the salt cake and
sludge volume contained in the proposed SST. The eleventh column presents the
total waste volume contained in the entire group to which the proposed SST
belongs. The final three columns respectively report the percentage of salt
cake, sludge, and total waste found in the group as compared to all 149 SSTs.

As can be seen in Table 13-1, sampling the 10 SSTs proposed by this plan
will gather information on 29 tanks and approximately 30% of the total sludge
volume. These totals do not include information gathered as a result of
sampling and analysis of SSTs B-110, U-110, B-201, and B-202 nor the 18 SSTs
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PRELIMINARY OPTIMIZED SST SAMPLING ORDER
SORWT Volume Volume Total % % .

Wyden Tank Number Number Waste Primary & Number SaltCake Sludge Volume of Total of Total of Total
Sample Bill I.D. Cores Segments Type Secondary of Tanks In Tank In Tank In Group SaltCake Sludge Waste
Order List No. Per Tank Per Core Group Waste Type In Group (KOAL) (KGAL) (KGAL) In Group In Group In Group
I B-111 2 5 XV 20 5-6 3 0 236 516 0 4% 20
2 F C-112 3 3 IX TBP-F IC 5 0 109 478 00 40 10
3 F C-109 3 2 IX TBP-F IC (5) 0 62 # I I #
4 H C-106 2 4 XXIll SRS TaP 2 0 197 429 0% 30 10
5 C-110 3 4 Vill 10 TSP 5 0 196 # # # #
6 T-111 2 9 XIV 20 224 3 0 456 904 0% 70 20
7 * G T-110 3 8 XIV 20 224 (3) 0 376 # 0 # #
8 BX-107 2 4 Vill 1C TBP (5) 0 348 715 0O 60 20A
9 . BX-103 3 2 VI TSP CW 7 0 62 489 0 4 1O
10_1_4 3 6 V R 7 0 293 892 _ _ 7 20
Total 26- 32 0 2335 4423 __ 340 130

Tank is on

Tank is on
Tank is on
Tank is on

the Push Mode List (WHC 86421-91-002)
the Wyden Bill List as a Ferrocyanide Tank.
the Wyden Bill List as a Gas Generating Tank.
the Wyden Bill List for High Heat

F
G
H
(#) Tank is member of a group previously sampled and not included in the totals.
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core sampled in 1985 and 1986. Table 13-1 demonstrates the power of tank
grouping by obtaining large amounts of characterization information with
relatively few core sampling events. These 10 tanks also include four tanks
identified in Public Law 101-510 and 1 tank requested by the SST retrieval
program, therefore, satisfying most programmatic needs. Single-shell tank
selection based upon SORWT groups will go a long way towards characterizing a
significant portion of all SST waste before the closure of the SEIS database
and still satisfy other SST analytical data needs.

The following are technical justifications for SST selection and
placement in the optimized sampling order.

Sample
Order Tank No. Justification

1. B-111 This tank contains 237,000 gal of waste and
belongs to a three tank group representing
516,000 gal of waste. The waste types held
by these tanks are 2C and 5-6. Single-
shell tank B-110 also is a member of this
SORWT group and has been previously
sampled. Core sampling of B-111 will
provide a pair of tanks from this SORWT
group from which to measure the group
variability.

2. C-112 This tank is a member of a five-tank group
representing 478,000 gal of waste. This
tank also is one of the primary in-farm
scavenged-ferrocyanide tanks. Sampling and
analysis of this tank will provide a great

'N deal of knowledge pertaining to the FeCN
safety issue. Although this tank is not on
the Push-Mode List, examination of recent
tank surveillance photographs (9/90)
indicate that the waste surface is moist
and relatively soft. There should be no
technical difficulties in obtaining a core
sample from this waste. However,
significant safety issues must be addressed
before sampling this tank because of its
presence on the Public Law 101-510 List.

3. C-109 This tank also is a member of the same
SORWT group as C-112 and will provide
additional data concerning the FeCN safety
issue. Core sampling this tank will also
furnish a pair of tanks from this group as
outlined in the selection criteria.

13-5



WHC-EP-0210 Rev 3

Sample
Order Tank No. Justification

4. C-106 This tank is part of a SORWT group with
only two SSTs containing 429,000 gal of
strontium rich sludge. The retrieval
program has requested a sample from this
tank to characterize the physical
properties of this waste to support
retrieval equipment design to achieve
interim stabilization, a TPA milestone.
This tank also is identified in Public Law
101-510 as a high-heat tank. This tank
will be sampled immediately after C-109 to
alleviate the need to move the core sample
truck to a different tank farm between core
samples. This will minimize the time delay
between SSTs.

5. C-110 This tank is a member of a five-tank group,
which represents 715,000 gal of waste.
Although this tank is not on the Push-Mode
List, surveillance photographs indicate
that the waste is relatively soft and
should not pose technical difficulties in
obtaining a core sample. This tank also is
in the C Tank Farm and can be obtained
without inter-farm transport of the core
sample truck.

6. T-111 Although this tank is a member of a group
that contains only three tanks, this group
represents 904,000 gal of waste. This tank
is on the Push-Mode List and presents no
expected technical or safety issues.

7. T-110 Single-shell tank T-110 is a member of the
same group as T-111 and will satisfy the
criteria requirement of two tanks per SORWT
group. T-111 also is on the Push-Mode List
and should be sampled without technical
difficulty. This tank also is identified
in Public Law 101-510 as a gas-generating
tank and can satisfy safety programmatic
sampling needs. This tank should be
sampled after T-111 to remove the necessity
to move the truck between tank farms
between sampling events.

8. BX-107 This tank is a member of the same SORWT
group as SST C-110 and will satisfy the
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Sample
Order Tank No. Justification

criteria requirement for pairs of tanks
from the same group. Successful sampling
and analysis of this tank will provide the
five pairs of tanks from different SORWT
groups to perform the variability study.
This tank is not on the Push-Mode List;
however, examination of recent tank
surveillance photos (9/90) indicates that
the crust is moist and relatively soft.
This waste should not pose any techni-cal or
safety issues in sampling.

9. BX-103 This tank is a member of a seven-tank group
representing 489,000 gal of waste. This
tank is on the Push-Mode List and should
not present any technical or safety-
oriented difficulties. In light of the
previously obtained sampling data
(mid 1980s) on two other tanks in this
group, additional sampling and analysis
will provide further verification of the
validity of the grouping methodology.

10. S-104 This tank is a member of a seven-tank group
containing exclusively REDOX (R) type waste
representing 892,000 gal of waste. This
tank is on the Push-Mode List and can be
sampled with no technical or safety
restrictions.

13.2 PRELIMINARY INTEGRATED CORE SAMPLE SCHEDULE

The Preliminary Integrated Core Sample Schedule, presented in
Figure 13-1, has been compiled as a result of the SORWT tank grouping model,
resource availability, knowledge of programmatic needs, technological
feasibility, and tank waste characterization technology (TWCT) best
engineering judgement.

A number of assumptions have been made pertaining to the availability of
the core sample trucks. These assumptions are as follows:

e The core sample truck is capable of obtaining three segments per
day.

* The integrated core sample schedule includes down time for: set-up,
breakdown, transportation, and equipment decontamination.

* Seven core samples from six different DSTs must be obtained between
August 1991 and the end of FY 1992.
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* The second core sample truck will be available for rotary mode
sampling of hard cake waste at the end of FY 1992.

" The first core sample truck will begin sampling by push mode in
June 1991.

The unshaded rectangles in Figure 13-1 indicate core samples from SSTs.
The shaded rectangles indicate core samples from DSTs. The number of segments
per core sample have been identified on the schedule. Three core samples are
expected to be collected for FeCN Tanks C-112 and C-109 as well as SSTs T-110,
C-110, BX-103, and S-104. This will support horizontal spatial variation
studies detailed in Section 11.2.2. Applicable Tri-Party Agreement milestones
M-10-04 and M-10-06 have been placed on the schedule. The proposed schedule
indicates 24 core samples will be obtained in FY 1992.
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PRELIMINARY INTEGRATED CORE SAMPLE SCHEDULE
FY 91 FY 92 FY93

TAW No. Jm Jh Aug |S.P Oct | NovI Dc Jan Feb Marl Apri Mayl Jun Jil Augl Sp c]

B-202 M (asevec)

B-2D1 E (a S com)

SY-101 (H2/CC) (2 bg/cr)

B-111 EM (aswo*

C-112 (FoCN) p L sw/cm)

C-100 (FCl) E (swcc) A

C-106 o314) [JJ (4swc TPA MI.stone
C-110 (46.1CO) U-10-06

SY-103 (HW) - (' swcm) 20 Cores from SSTs

AW-103 (NCRW) - (is swcom)

T-111 PA Mkstonm pTsl/coN)

T-110 (H2) M-10-04 ( I sws/c)

AY-101 (CC) 4 Cor" from 2 SSTs (awcr)

AN-104 (H2) (21 SWCM)

BX-107 (2 sag/co )

BX-103 ELI ( S COM)

AZ-102 (NCAW) U (s2co) E m

S-104 (esws)
T&*~( 6mg/orn EEL]resovi
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14.0 DESCRIPTION OF THE SINGLE-SHELL TANKS
SELECTED FOR SAMPLING

14.1 TANK 241-B-111

Tank 241-B-111 (B-111) was constructed in 1943-1944 and was removed from
service in 1976. Tank B-111 has a diameter of 75 ft and a nominal capacity of
500,000 gal. A sketch of this type of tank is provided in Figure A-12 in
Appendix A. Tank B-111 contains 2C waste, 5-6 waste, and fission product (FP)
waste as its predominant waste types. The waste is expected to be classified
as extremely hazardous waste (EHW), class C low-level waste, and
nontransuranic, based on TRAC evaluations. The tank has about 236,000 gal of
sludge-type waste and 22,000 gal of drainable liquid remaining. Tank B-111
has an approximate solid waste height of 86 in. Eighty-six in. of waste
should produce four full segments and one partial segment of sample material.

in 14.2 TANK 241-C-112

Tank 241-C-112 (C-112) was constructed in 1943-1944 and was removed from
service in 1976. The design of Tank C-112 is similar to that of Tank B-111.
Tank C-112 contains ferrocyanide-scavenged tributyl phosphate (TBP-F) waste
and first-cycle decontamination (1C) waste as its predominant waste types,
with varying amounts of several miscellaneous wastes, such as coating waste -

(CW), FP waste, strontium semiworks/hot semiworks (SSW/HS) waste, and ion-
exchange (IX) waste making up most of the remainder of the tank contents. The
waste is expected to be classified as EHW, greater than class C low-level
waste, and is believed to have a transuranic concentration between 100 nCi/g
and 500 nCi/g, based on TRAC evaluations. Tank C-112 has been declared an
Unresolved Safety Question because of the amount of ferrocyanide believed to
be in the tank and the potential for a release from a ferrocyanide/nitrate
reaction. Evaluation of this potential hazard is still ongoing and a full
Readiness Review is expected to be performed before Tank C-112 is sampled.
The tank has about 109,000 gal of sludge-type waste and 5,000 gal of drainable
liquid remaining. Tank C-112 has an approximate solid-waste height of 40 in.

0' Forty in. of waste should produce two full segments and one partial segment of
sample material.

14.3 TANK 241-C-109

Tank 241-C-109 (C-109) was constructed in 1943-1944 and was removed from
service in 1976. The design of Tank C-109 is similar to that of Tank C-112
and B-111. Tank C-109 contains TBP-F waste and 1C waste as its predominant
waste types, with varying amounts of several miscellaneous wastes, such as CW,
evaporator bottoms (EB), SSW/HS waste, and IX waste making up most of the
remainder of the tank contents. The waste is expected to be classified as
EHW, class A low-level waste, and nontransuranic, based on TRAC evaluations.
Tank C-109 has been declared an Unresolved Safety Question and has a status
similar to that of C-112. The contains about 62,000 gal of sludge-type waste,
and 4,000 gal of drainable liquid remaining. Tank C-109 has an approximate
solid-waste height of 24 in. Twenty-four in. of waste should produce one full
segment and one partial segment of sample material.
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14.4 TANK 241-C-106

Tank 241-C-106 (C-106) was constructed in 1943-1944 and was removed from
service in 1979. The design of Tank C-106 is similar to that of Tank C-112.
Tank C-106 contains strontium sludge (SRS) and tributyl phosphate (TBP) as its
predominant waste types, with varying amounts of several miscellaneous wastes,
such as Plutonium-Uranium Extraction (PUREX) high-level waste (P), PUREX
supernatant sludge (PSS), and B Plant low-level waste (BL), making up most of
the remainder of the tank contents. The waste is expected to be classified
as dangerous waste (DW), greater than class C low-level waste, and is believed
to have a transuranic concentration greater than 500 nCi/g, based on TRAC
evaluations. Tank C-106 has been declared a high-heat tank and is under
operating restrictions. The tank has about 197,000 gal of sludge-type waste
and 48,000 gal of drainable liquid remaining. Tank C-106 has an approximate
solid-waste height of 60 in. Eighty-three in. of waste should produce four
full segments and one partial segment of sample material.

14.5 TANK 241-C-110

Tank 241-C-110 (C-110) was constructed in 1943-1944 and was removed
is from service in 1976. The design of Tank C-110 is similar to that of

Tank C-112. Tank C-110 contains TBP waste and 1C waste as its predominant
waste types, with varying amounts of several miscellaneous wastes, such as
PUREX organic wash waste (0WW), EB, and IX waste, making up most of the
remainder of the tank contents. The waste is expected to be classified as

in EHW, greater than class C low-level waste, and is believed to have a
transuranic concentrati-on between 100 nCi/g and 500 nCi/g, based on TRAC

#f evaluations. Tank C-110 is under no operating restrictions. The tank has
about 196,000 gal of sludge-type waste and 21,000 gal of drainable liquid
remaining. Tank C-110 has an approximate solid-waste height of 73 in.
Seventy-three inches of waste should produce three full segments and one
partial segment of sample material.

04 14.6 TANK 241-T-111

0' Tank 241-T-111 (T-111) was constructed in 1943-1944 and was removed from
service in 1974. The design of Tank T-111 is similar to that of Tank C-112
and B-111. Tank T-111 contains lanthanum fluoride (224) waste and 2C waste as
its predominant waste types with no significant amounts of any other waste
types. The waste is expected to be classified as EHW, class C low-level
waste, and is believed to be nontransuranic, based on TRAC evaluations.
Tank T-111 is under no operating restrictions. The tank has about 456,000 gal
of sludge-type waste and 51,000 gal of drainable liquid remaining. Tank T-111
has an approximate solid-waste height of 167 in. One hundred sixty-seven
inches of waste should produce eight full segments and one partial segment of
sample material.
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14.7 TANK 241-T-110

Tank 241-T-110 (T-110) was constructed in 1943-1944 and was removed from
service in 1976. The design of Tank T-110 is similar to that of Tank C-112
and B-111. Tank T-110 contains 224 waste and 2C waste as its predominant
waste types with no significant amounts of any other waste types. The waste
is expected to be classified as EHW, class C low-level waste, and is believed
to be nontransuranic, based on TRAC evaluations. Tank T-110 is classified as
an Unresolved Safety Question because of the observed hydrogen gas generation
behavior. Evaluation of this potential hazard is still on-going and a full
Readiness Review is expected to be performed before Tank T-110 is sampled.
The tank has about 376,000 gal of sludge-type waste and 42,000 gal of
drainable liquid remaining. Tank T-110 has an approximate solid-waste height
of 137 in. One hundred sixty-seven inches of waste should produce seven full
segments and one partial segment of sample material.

14.8 TANK 241-BX-107

Tank 241-BX-107 (BX-107) was constructed in 1943-1944 and was removed
from service in 1977. The design of Tank BX-107 is similar to that of
Tank C-112 and B-111. Tank BX-107 contains TBP waste and 1C waste as its
predominant waste types with varying amounts of miscellaneous wastes, such as
EVAP, and IX waste. The waste is expected to be classified as EHW, class C
low-level waste, and is believed to be nontransuranic, based on TRAC
evaluations. Tank BX-107 is not under any operating restrictions. The tank
has about 348,000 gal of sludge-type waste and 24,000 gal of drainable liquid
remaining. Tank BX-107 has an approximate solid-waste height of 127 in. One
hundred twenty-seven inches of waste should produce six full segments and one
partial segment of sample material.

14.9 TANK 241-BX-103

Tank 241-BX-103 (BX-103) was constructed in 1943-1944 and was removed
from service in 1977. The design of Tank BX-103 is similar to that of
Tanks C-112 and B-111. Tank BX-103 contains TBP waste and CW as its
predominant waste types with varying amounts of miscellaneous wastes, such as
EVAP, OWW, and IX waste. The waste is expected to be classified as EHW,
class C low-level waste, and is believed to be nontransuranic, based on TRAC
evaluations. Tank BX-103 is not under any operating restrictions. The tank
has about 66,000 gal of sludge-type waste and 4,000 gal of drainable liquid
remaining. Tank BX-103 has an approximate solid-waste height of 24 in.
Twenty-four inches of waste should produce one full segment and one partial
segment of sample material.

14.10 TANK 241-S-104

Tank 241-S-104 (S-104) was constructed in 1950-1951 and was removed from
service in 1968. Tank S-104 has a diameter of 75 ft and a nominal capacity of
750,000 gal. A sketch of this type of tank is provided in Figure A-12.
Tank S-104 contains R waste as its sole waste type. The waste is expected to
be classified as EHW, greater than class C low-level waste, and is believed to
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have a transuranic concentration of 100 nCi/g to 500 nCi/g, based on TRAC
evaluations. Tank S-104 is not under any operating restrictions. The tank
has about 293,000 gal of sludge-type waste and 29,000 gal of drainable liquid
remaining. Tank S-104 has an approximate solid-waste height of 107 in. One
hundred seven inches of waste should produce five full segments and one
partial segment of sample material.

14.11 DESCRIPTION OF THE SAMPLING

Sampling will be performed in the same manner as described in Section
13.2 and Appendix B of the WCP. All core sampling in the next 10 SSTs will be
accomplished in push-mode. Further sampling requirements have been identified
in the safety analysis that was developed for the hydrogen-generation tank,
SY-101, and will be identified in the forthcoming safety analysis for the
ferrocyanide tanks. Sampling Procedures for tanks identified in Public Law
101-510 will be specific, but there will be only one Sampling Procedure for
non-Public Law 101-510 list tanks. These further safety requirements will be
incorporated into the sampling procedure for each tank identified as needing
additional precautions. Samples are taken and shipped in accordance with
Tank Farms Operations procedures TO-020-450, "Perform Core Sampling," and
TO-080-090, "Ship Core Samples." The design of the sampler has been changed
to eliminate decontamination of the sampler and to permit sampling to within a
range of one and a half to 3 in. of the bottom of the tank. This sampler is
made of stainless steel and is slightly smaller in diameter than the old
sampler. Because of the smaller diameter, the total volume of sample is
reduced from 250 mL to 187 mL. The sampling of these tanks will be done using
NPH as the hydrostatic fluid until a replacement system can be developed.

Sample breakdown and subsampling will be performed as described in
Chapter 16.0 of this appendix in accordance with the procedures in Table 14-1.
Subsampling for composites has been modified for these tanks so that samples
to be analyzed for physical properties (rheology) are not homogenized and core
composite subsamples are obtained by either taking random aliquots from
different locations along the length of the segment or by splitting the sample
along its length. New extrusion equipment compatible with the new sampler
will be used.
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Table 14-1. Sample Breakdown and Subsampling Procedures.

WESTINGHOUSE HANFORD COMPANY PROCESS CHEMISTRY
LABORATORIES DESK INSTRUCTIONS

No. Title

LT-151-101 Core Segment Receipt and
Preparation

LT-549-101 Core Segment Extrusion

LT-549-102 Homogenization and Homogenized
Segment Sampling

LT-549-103 Core Compositing and Sampling

BATTELLE-PACIFIC NORTHWEST LABORATORY PROCEDURES

No. Title

PNL-ALO-010 Rev. 0 325 Laboratory Single-shell tank
Sample Receiving and Subsample
Analysis System

325-A-29 Rev. 0 Receiving of Waste Tank Samples
in Onsite Transfer Cask

PNL-ALO-130 Rev. 0 Receipt and Inspection of SST
Samples

325-EXT-1 Rev. 0 Receipt and Extrusion of Core
Samples at 325A Shielded
Facility

PNL-ALO-135 Rev. 0 Homogenization of Solutions,
Slurries, and Sludges
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15.0 OBJECTIVES FOR SAMPLING AND ANALYSIS

The objectives for sampling and analysis of the next 10 SSTs are to
characterize the physical and chemical properties of the waste contained in
these selected tanks. This characterization information will directly support
most of the programs involved in the effort to close the SST operable units.
The acquired data can also be used to check the laboratory's analytical
performance and to statistically verify the grouping results of the SORWT
model. The various measurements performed in order to accomplish the sampling
and analysis objectives have been outlined below. These sampling and analysis
objectives are for (1) the baseline case SST and (2) tanks identified in
Public Law 101-510.

15.1 BASELINE CASE SINGLE-SHELL TANKS

15.1.1 Single-Shell Tank Waste Constituent Inventory

The primary objective of the sampling and analysis plan for the next
ten SSTs is to obtain estimates of the total quantity of Type I and Type II
analytes in each SST sampled. These inventory estimates are essential for
making risk assessment-based disposal decisions and for the design of
pretreatment and final waste-disposal systems. Estimated inventories are
direct inputs into Long-Term Release Risk (LTRR), Short-Term Intruder Risk
(STIR), and waste classification model (CLASS) models for determining the risk
to the public health and the environmental associated with the tank waste.

The constituent inventories can be calculated by either treating the core
samples as random samples and averaging the results or by using a spatial
model. The calculated inventories will include an estimated total quantity of
each selected analyte and its corresponding confidence interval based upon the
analytical and sampling variability. The use of a spatially dependant model
will require at least three cores to produce better results than the simple
random sample model.

The analytical data necessary to estimate the constituent inventories
will be collected by obtaining at least two cores from twb different risers in
each SST and compositing representative portions of each homogenized
19 in. segment. Aliquots will be taken from each homogenized core composite
and will be analyzed in the laboratory for Type I and II analytes and for
other compounds of regulatory concern.

A list of the analytes to be measured and the associated laboratory
procedures is presented in Table I5-1. The first column of Table IS-1
identifies the preparation used to obtain analytical results. The
preparations can be either acid digestion, water digestion, or fusion/acid
digestion. The acid digestion is performed to satisfy regulatory metals (ICP)
analyses. The water digestions are conducted primarily to obtain water
soluble anions, but are also analyzed for water soluble cations such as Cr+6 -
The fusion/acid digestion are done primarily to obtain a total dissolution of
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Preparation Method Analyte PHL PHIL WHC WHC Priority Basis other
preparation measurement preparation measurement type
procedure procedure procedure procedure

Acid digestion No. I ICP--metals Ag PNL-ALO-101 PNL-SP-7 LA-505-159 LA-505-151 II LIRR TCLP
(PNL-ALO-101)
(LA-505-159)

0J
AL " I CLASS .EG

As "" II LTRR TCLP
Un

Ba I STIR TCLP

Be II LTRR REG a
Bi " I STIR --

Ca " II STIR REG x
Cd uCd " I STIR TCLP ,.0

D0
Co H "E -- REG a)

Cr " I STIR TCLP .C.

Cu " NE -- REG

Fe I STIR REGI =r C
K I1 CLASS REG Dn

Mg NE -- BEG

Mn PNL-ALO-101 PNL-SP-7 LA-505-159 LA-505-151 I STIR REG

eNa I LTRR REG o

Ni I STIR REG

Pb " I STIR TCLP

Sb "it LTRR REG fb

Se III -- TCLP (D

Sn III -- BEG .D

TI "" NE -- REG a0

V i LTRR REG 'a0
Zn "NE -- REG
(a) C+((

Si I- CLASS TD

Th III -- S

U I LTRR --

Zr " " " " I STIR --

-4

01

N

C-)
I

CD

CD

(A
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Analyte PNL

preparation
procedure

PNL
measurement
procedure

wUC
preparation
procedure

WHC
measurement
procedure

Priority
type

Basis - Oth])

Acid digestion No. 2 GFAA--mtals As PNL-ALO-101 PNL-ALO-214 NC NC Same Same Same

Se PNL-ALO-215

Sb " PNL-ALO-219

Direct acid HYAA metats As NC NC NA LA-355-131
digestions

Se LA-365-131

CVAA metaLs Hg NA PNL-ALO-213 NA LA-325-102 II LTRR TCLP

Fusion/acid digestion ICP--metaLs Same as PNL-ALO-102 PNL-SP-7 LA-549-141 LA-505-151 Same Same Same
acid acid

insoluble(c) digestion
No. 1

Water digestion No. 1 ICP--m t Cr(VI) PL-ALO-103 PNL-SP-7 LA-504-101 LA-505-151 Same Same Same
anions

Si(V)
Water digestion No. I IC--anions NO 3  PNL-ALO-103 PNL-ALO-212 LA-504-101 LA-533-105 I URR --

N2 I STIR --

F I LTRR --

CL III S --

-2
S-4 I STIR --

Pa I STIR --

UV-ViS(d) N NA NA LA-504-101 LA-645-101 Same Same --
anion

SIE anion(d) F PNL-ALO-103 HWVP-2 NA NA Same Same -

TIC--anion CO3  PNL-ALO-103 7-40.7 LA-504-101 LA-622-102 I STIR TD

TED-- EDTA, TED TOO TED TED I LTRR TD
compiexants HEDTA I STIR

citrate I CLASS
acetate II --
oxalate III

SIE--amonia NH3  NA PNL-ALO-226 " LA-634-102 III TD,
REG

TOC Cf PNL-ALO-103 7-40.7 LA-504-101 LA-344-105 NA -- S

Crl

-rI
0

(D

x t4

1

-TI.

CL

(D
0

(D -n

x'0

C+

(D
0

zC

:QID

-v

0
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Preparation Method Analyte PNL PNL WHC WHC Priority Basis Other

preparation measurement preparation measurement type
procedure procedure procedure procedure

Water digestion No. 2 pH anion OH NA PNL-ALO-225 NA LA-212-103 I STIR REG

Direct distiLlation UV--VIS spec CNM NA PNL-ALO-270 NA LA-695-101 I LTRR REG
anion

SIE--anion S-2(e) NA TBD NA TOD NE -- REG

Fusion/acid digestion FLuorimeter U PNL-ALO-102 PNL-ALO-445 .A-549-141 LA-925-106 I LTRR -
(PNL-ALO-102) radiochem
(LA-549-141)

Alpha-- Total a9  PNL-ALO-427 PNL-ALO-421 LA-548-101 LA-508-104 I, II LTRR NRC
radiochem STIR S

239,240p 'PNL-ALO-423 PNL-ALO-421 LA-503-156 LA-508-104 I, I LTRR NRC
Pu PNL-ALO-422 LA-508-051 ]I STIR
AM PNL-ALO-424 PNL-ALO-421 LA-503-156 LA-508-104 I STIR NRC2 "Cm PNL-ALO-422 LA-508-051 II

237NP PNL-ALO-425 PNL-ALO-421 LA-933-141 LA-508-104 II LTRR NRC
PNL-ALO-422 LA-508-051

242 I -243m Calculated III --243Aq

Beta-- TotaL 9 PNL-ALO-430 PNL-ALO-431 LA-548-103 LA-508-105 -- -- S
radiochem

9 0SrY PNL-ALO-433 PNL-ALO-431 LA-220-102 LA-508-105 I STIR NRC

9Tc PNL-ALO-432 PNL-ALO-431 LA-438-101 LA-508-121(h) I LTRR NRC

LEPS-- 1291 PNL-ALO-454 PNL-ALO-451 LA-378-103 LA-508-052 I - LTRR NRC
radiochem PNL-ALO-456

93Nb(e) TBD TBD TBD TED II LTRR --

GEA--radiochem I37Cs PNL-ALO-451 PNL-ALO-451 LA-548-121 LA-508-052 I LTRR NRC
others

Fusion/acid digestion Liquid T9Se PNL-ALO-'440 PNL-ALO-442 LA-365-132 LA-508-121 III LTRR --
(PNL-ALO-102) scintiLlation
(LA-549-141) radiochem

Mass spec Pu-- PNL-ALO-102 PNL-ALO-455 NC NC I LTRR NRC
radiochem I AP ic I STIR

Pu241 P

U--g opic PNL-ALO-102 PNL-ALO-455 NC NC I LTRR --

235 4 I LTRR

-i
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Preparation Method Analyte PNL PNL WHC WHC Priority Basis Other
preparation measurement preparation measurement type
procedure procedure procedure procedure

Water digestion Liquid 14C PNL-ALO-444 PNL-ALO-442 LA-348-104 LA-So-121 I LTRR NRC
(PNL-ALO-103) scintillation
(LA-504-101) radiochem

3 H PNL-ALO-441 PNL-ALO-443 LA-2ZI-liS LA-5oB-121 NE -- NRC

Acid digestion Beta 63Ni PNL-ALO-101 TOO NM NM I CLASS NRC
(PNL-ALO-101) radionuclide
(LA-505-159)

Purge/trap Organic Volatile PNL-ALO-335 PNL-ALO-335 NC NC NE -- REG
organics I

Extraction Organic Semi- PNL-ALO-120 PNL-ALO-345 NC NC NE - -- S
volatile
organic

Extraction Organic (EOX) Halogen NA PLN-ALO-320 NC NC NE -- REG
oranics

Direct Gravimetric H20 NA PNL-ALO-504 NA LA-564-101 NA NA REG
wt% H20

Acetic Acid digestion Characteristic Ag, Ba, TED Same as ICP TOD Same as ICP Same Same REG
TCLP Cd, Cr,

Pb, As,
Be, Hg

Water digestion No. 2 Characteristic pH Same Same Same Same Same Same REG
corrosivity

Direct Characteristic DSC NA RDS-TA-1 NA T043 A-01712F NA NA REG
ignitibility TGA T044 A-01712F
reactivity LA-560-112

LA-514-113

FlaspT, TBD TBD TD TBD NA NA REG
point

Reactivity CO, S-2 a TBD T80 TOO TBD NA NA REG
bThe following metals may be determined more accurately on fused sample.
cPerformed to evaluate speciation of metals.
Performed to check for acid insoluble metals (e.g., Si, Zr, Th, AL, U, Bi, Fe).
dethods used by laboratories in place of IC analysis.
fAnalyte will not be analyzed for these ten tanks.

TOC will analyze for water soluble organic carbon to estimate complexant levels.
9WiL nothbe performed on next ten tanks unless improved method is identified.

Westinghouse Hanford uses liquid scintilention counting.
Class = waste classification.

CVAA = cold vapor atomic absorption.
GEA = gamma energy analysis.

GFAA = graphite furnace atomic absorption.
HYAA = hydride atomic absorption.

IC = ion chromatography.
ICP = inductively coupled plasma.

LEPS = low energy photon spectroscopy.

LTRR = long-tern
NA not applicale.

NC = no capability.
NE = not evaluated.
NM no method.

release risk.

NRC = U.S. Nuclear Regulatory Comnission Low-LeveL
waste classification.
PNL = Pacific Northwest Laboratory.

REG = regulatory interest (CLP or Appendix IX).
S = screen.

STIR = short-term intruder risk.
TOD = to be determined.

TCLP = metal required for toxic characterization teach procedure.
TIC = total inorganic carbon.

TO = technology development.
WHC = Westinghouse Hanford Company.
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samples for radionuclide analysis but are also analyzed for acid insoluble
cations such as silica. The second column in Table 15-1 indicates the
analytical method that will be employed to measure the concentration of each
analyte. Column 3 identifies the individual analytes that are required to be
analyzed. Columns 4 and 5 respectively list the analytical procedures
employed by the PNL 325 Laboratory to perform the specified preparation and
measurement. The next two columns presents the procedures for the same
preparation and measurement used at the Westinghouse Hanford 222-S Laboratory.
The eighth column identifies the analyte priority as determined by the risk-
based assessment models described in Section 11.2.1. Column 9 indicates which
assessment model was used to classify the analyte priority. The final column
lists other justifications for measurement of the particular analyte.

15.1.2 Physical Properties

The second major objective is to measure the physical properties of the
waste to support waste-retrieval technology development. The physical
characteristics of SST waste are required to (1) develop design criteria for
waste-retrieval equipment, (2) provide a basis for simulated waste
development, and (3) provide a basis for validation of equipment testing using
design criteria and simulated waste. The analytical methods to determine the
physical properties of the waste as it actually exists in the tank require a
substantial amount of unhomogenized sample. Rheological properties are of
particular interest in the design of waste-retrieval equipment and require
50 to 100 g of unhomogenized sample.

The large quantities of sample needed for rheology tests mean that the
chemical and radiological analysis on that segment must be limited. Several
alternatives were evaluated for obtaining both physical and chemical analysis
from a single core. The alternative of taking a second core for physical
characterization was eliminated because of the limited number (and size) of

CV risers in some tanks and because taking two samples from the same riser could
impact the chemical or physical characteristics of the second core. In
addition, taking additional cores for physical measurements will significantly
increase the hot cell workload. Another alternative was to select certain
segments for physical measurements, removing only enough of the selected
segment by either random sampling or splitting along the length of the segment
to prepare two core composites and a small segment archive sample. This is
the alternative chosen for these next tanks. Selection of every other segment
for physical measurements would give data for the entire tank depth. However,
if the waste is soft and uniform like Tank 110-B, only one segment may be
required to obtain the rheological properties of the tank. If samples are too
dry and viscous for rheology measurements, they must be diluted. Since the
most accurate and random subsampling can be done when the segment is in the
extrusion tray, the decision to choose the segment for rheology must be made
before or immediately after the sample is extruded. Comparison and selection
of segments is limited. Therefore, for these next ten tanks, segments near
the top, middle, and bottom of the first core sampled will be used for
rheology. If, during the sampling of core 1, a unique phase is found that is
not analyzed for rheology, an effort will be made to find a similar segment in
core 2 for rheological analysis.

The physical properties that have been identified as important for all
SSTs are presented in Table 15-2. The first column in Table 15-2 lists the
physical characteristic to be measured. The next column identifies the
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Physical Level of Collection PNL 325 WHC 222-S
Characteristic Analysis of Aliquot Procedure Procedure

Bulk Density Every Segment At Extrusion WHC-053-1 LT-549-101
Every Core cu

Cr
Volume of Solids Every Segment At Extrusion 325-EXT-1 LT-549-101

Every Core

Volume of Liquid Every Segment At Extrusion 325-EXT-1 LT-549-101
Every Core

Particle Size Every Segment Pre-Homogenized 2-50.3 T044 A-01712F
Every Core

Penetrometer Every Segment Pre-Homogenized PNL-ALO-506 LT-549-101
Every Core

Rheologic Properties Every Other Segment Pre-Homogenized WHC-053-1 TOD (D
- Shear Strength One Core Per Tank
- Shear Strength/ ::r

Shear Rate aD
- Absolute Viscosity C+

vs. Shear Rate
- yield Stress
- Absolute Viscosity a

Settling Velocityb Every Other Segment Pre-Homogenized WHC-053-1 TOD
One Core Per Tank

Weight Percent Solids Every Segment Hoogenized Segment PNL-ALO-504 LA-564-101
Every Core

Differential Scanning Every Visible Phase Pre-Homogenized RDF-TA-1 T042 A-01712F
Calorimetry for Every Segment Segment cu.

Thermogravimetry Every Visible Phase Pre-Homogenized RDF-TA-1 T045 A-00712F
for Every Segment Segment

Bulk Slurry Densityc Every Core Homogenized WHC-053-1 LA-560-101
Core Composite

Centrifuged Solids Every Core Homogenized WHC-053-1 TBD
Densit Core Composite

Cn

C-,

CD

(D0
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aSelected rheotogic properties should
temperatures, ambient and 95 "C. ,

be measured on the undisturbed sample and on dilutions of 1:1 and 3:1 at two different

bThe settling velocity for solids particles and bulk density should be determined for all rheologic dilutions.
cThese physical properties shall be measured only for slurry sample.

TBD - To Be Determined

Physical Level of Collection PiL 325 WHC 222-S
Characteristic Analysis of Aiuot j Procedure Procedure

Centrifpged Supernate Every Core Homogenized JHC-053-1 LA-510-112
Density _Core Composite

Weight Percent Every Core Homogenized WIHC-053-1 TOD
Centrifuged Solldsc Core Composite

Volume Percent Every Core Homogenized WHC-053-1 LA-519-132
Centrifuged Sotidsc ECre Composite

Weight Percent Every Core Homogenized WHC-053-1 LA-504-101
Dissolved Solids0 Core Composite I

I-o

Cr

M
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CD

CD
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frequency in which this parameter will be measured. Column 3 indicates from
which subsample the aliquot was obtained. The remaining two columns
respectively report the procedures utilized by the 325-A and
222-S Laboratories.

The bulk density, penetrometer, volume of solids, and volume of liquids
will be determined for every segment from every core at the time of extrusion
into the hot cell. The particle size shall be measured for every segment. In
order to evaluate tank reactivity safety concerns, differential scanning
calorimetry (DSC) and thermal gravimetry (TGA) analyses will be performed on
every visible phase in every segment prior to homogenization. Rheologic
properties and settling velocity will be measured for every other segment from
the first core collected out of an SST. Porosity and compressive strength are
applicable only to hard saltcake and sludges, and will not be needed for
wastes in these tanks. Rheological measurements will be made on direct
samples when possible and on 1:1 (water:sample) and 3:1 dilutions at ambient
hot cell temperatures and an elevated temperature (95 SC). Solid settling
velocities will be determined for the diluted samples. The weight percent
solids will be determined for every segment from every core. The remainder of
the physical measurements will be conducted on one core composite from each
core.

15.1.3 Waste Designation

The inorganic core composite analyses for chemicals are used to designate
Ln waste, using the toxic equivalent concentration (TEC) calculation. A refer-

ence compound is identified for each inorganic analyte and an appropriate
toxicity class is determined. As reported in Washington State Dangerous Waste

1 .Regulations (WAC 173-303-101), the TEC calculations are a sum of the fractions
based on the weight percent of the constituent and its toxicity class.

rv Designation of a waste as either EHW or DW can be determined from the Toxic
Dangerous Waste Mixtures Graph (WAC 173-303-9906). The regulatory threshold
TEC value for EHW for SSTs is 0.01%.

Volatile and semi-volatile organic analyses for designation, based on
toxicity and carcinogenicity, will be performed for every segment from every
core. Samples for volatile organic analysis will be taken as soon as possible
from unhomogenized segments not chosen for physical analysis in the same
manner as Phase IA and IB. Semi-volatile analysis aliquots will be taken from
the homogenized core composite. If problems are encountered (with GC/MS
equipment or NPH contamination during the initial testing) that cannot be
resolved within a reasonable time (1 wk), these analyses will be discontinued
until problems are resolved. However, sample shall be archived in a sealed
container to be analyzed at a later date. Organic analyses will include all
the analytes described in the WCP.

The TCLP will be performed on an aliquot from one core composite from
each riser and analyzed for the eight toxic metals. Matrix spikes will be
used to evaluate ICP and atomic absorption (AA) performance for each metal.
Results will be used to designate waste and to evaluate new TCLPs that have
been modified for hot cell applications.
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15.1.4 Evaluation of Transport Constants

Work on the recommendations report has identified the verification of the
uncertainty in the transport model as a key factor affecting decisions
concerning the waste. The two major transport factors that depend on the
properties of the waste are (1) the solubility of the analytes and (2) the
adsorption coefficient (Kd) of the analyte in the soil. Even though the
experimental design for tests (to determine these factors on core composites)
is not currently available, all remaining sample from each core composite
after all analyses have been completed should be archived for evaluation at a
later time.

15.1.5 Analysis of Errors

Estimation of the sources of error is essential to accurately
characterize SSTs. The components of the total error can be broken down into
its component parts. These component parts are:

C * Analytical error

a Sampling error

-- a Segment homogenization error

C0 e Composite homogenization error.

The analytical error will be estimated by performing duplicate analyses
for all parameters. This also will allow the responsible chemist to identify
anomalous results requiring reruns at the time of analysis.

Evaluation of tank-sampling errors by taking two cores from one riser, as
CV done in Phase IA and IB, will not be done for the next 10 tanks because

information from different risers provides more useful information.

CM The error due to segment homogenization will be determined by performing
a homogenization test on every other segment for the second core (nonphysical

0' analysis core) and at least once per core for all remaining cores from each
selected SST. The test will be carried out by homogenizing the segment and
then taking two subsamples from two opposite (left/right or top/bottom)
locations for analysis. Duplicate 1 g aliquot?.7of each subsample will be
acid-digested and analyzed for metals by ICP, Cs by gamma energy analysis
(GEA) and total alpha analysis. Analytical errors should be small enough to
permit detection of homogenization errors of at least 10%. If larger errors
are noted that indicate problems with homogenization, it is the responsibility
of the inorganic or radiochemical technical leader to bring this to the
attention of the hot cell technical leader for evaluation. If segment samples
differ significantly in consistency, the hot cell technical leader is
responsible for initiating and requesting additional homogenization tests to
support the work. Segments chosen for rheological analyses will not be
homogenized and cannot be used in this test.
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Errors associated with core compositing will be evaluated by preparing
two composites for each core from each tank, homogenizing the composites, and
analyzing the composites in duplicate. This also will provide combined
homogenization and analytical error estimates for all the analytes analyzed in
composites. Additionally, this provides a balanced data set that may be used
in evaluating decision quality.

15.1.6 Vertical Spatial Variation

The vertical spatial variation will only be determined for those tanks
identified in Public Law 101-510 during the next 10 sampling and analysis
events. These are the only SSTs where chemical and radiological analyses will
be performed on a segmental basis. The analytical results data will be
utilized to generate a three-dimensional model of the spatial distribution for
each analyte of concern. The distribution model will be prepared using a
three-dimensional kriging technique and software developed by PNL.
A constituent inventory can be estimated by integrating the concentration
distribution over the entire tank. The three-dimensional distribution model
should be able to indicate whether large concentrations of safety-related
compounds, such as ferrocyanides, have congregated into distinct layers.

IN Completion of the three-dimension spatial variation study should significantly
assist in the resolution of the unclosed safety issues associated with
ferrocyanides.

C
Vertical distribution studies are not planned for the remaining non- -

fL Public Law 101-510 list tanks. Segment samples from these three tanks will be
archived so analyses can be performed at a later date, if required. Core-
composite analytical results are sufficient to produce constituent
inventories. A preliminary leave-retrieve sorting of SSTs can be accomplished
based upon the constituent inventories. If risk-assessment and waste-
designation evaluations indicate that a specific SST might be a cand'idate for
in situ treatment and disposal, the archived samples can be analyzed on a

-- segmental basis to provide a more complete characterization of the subject
waste and to re-evaluate the candidacy for in place disposal based upon the

04 segmental level analyses. Additional core sampling and analyses would be
required for an SST in-situ disposal is still considered appropriate after the
analyses on the archived samples.

15.1.7 Horizontal Spatial Variation

The horizontal spatial variation can be estimated for those SSTs where
three cores from three different risers were obtained. Three distinct
analytical results data points will allow for triangulation, which cannot be
accomplished by two cores per tank. Three cores are planned to be obtained
from six of the next ten 5STs sampled. These tanks are C-112, C-109, C-110,
T-110, BX-103, and S-104. The first two C Farm tanks are ferrocyanide tanks,
which will be characterized using the techniques discussed in the preceding
section, thus, horizontal distribution studies will not be performed on these
tanks. The horizontal distribution of the constituents will be determined
for the other four specified tanks using two-dimension kriging techniques
currently available with commercial software. Two-dimension concentration
contour maps can be prepared depicting the horizontal distribution of analyte
concentrations.
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The horizontal distribution of the SSTs (with only two cores per tank)
cAn only be determined in one dimension--between the two sample points.
However, these tanks are members of SORWT groups from which the horizontal
spatial variation has been determined from a previously sampled tank. If the
SSTs are reasonably similar in physical and chemical characteristics, the
horizontal spatial variation of the reference tank could be imposed upon the
remaining members of the SORWT group.

15.1.8 Holding Time

Phase IA/IB statistical data analyses have indicated that significant
holding time effects are not present for the analytes included in the holding
time study. Since an insufficient amount of analytical results data was
available to determine if holding time effects were present for Cr+6, a
limited holding time study for this analyte will be accomplished on one tank.
Six aliquots will be collected from a homogenized core composite from SST
S-104 and analyzed for water leach ICP at six different dates. These dates
shall be 15, 30, 45, 60, 120, and 180 days after collecting the sample. SST

CMq S-104 was chosen for the holdin% time study because it was expected to contain
the largest concentration of Cr out of the next ten SSTs to be sampled.
Additional holding time studies are not planned for the next 10 SSTs.
Volatile organic compounds were not included in the Phase IA/IB holding time
study because of the NPH contamination difficulty. When this NPH analysis
problem is solved, a further holding time study for volatile organic compounds
should be enacted.

in 15.1.9 Single-Shell Tank Waste Standards Program

A Hanford Site SST Waste Standards Program should be implemented to
evaluate the performance of both the 325 and 222S laboratories. The standards
program should monitor all analytical systems from solids dissolution to final
measurement of all parameters. The standards program should be designed to:

C%4 Evaluate interlaboratory calibration and instrument control using
independent standards

* Evaluate short-term performance on varying sample matrices through a
referee or exchange program using actual core composite samples

* Evaluate long-term performance of both laboratories by analyzing a
working standard that is prepared in bulk from several SST segments
or composites containing components of interest over an extended
period of time.

The results of this program will be used to monitor and maintain high
quality analytical systems in support of the SST waste characterization
program and to produce continuity of results over the life of the program.

15.1.10 Tank Stability

The waste reactivity will be evaluated by performing DSC tests on each
distinct visible phase of waste or at least once per segment for every core in
each tank. These samples are taken before homogenization so that actual tank
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conditions are being evaluated. Chemical analyses for nitrates, nitrites,
ammonia, TOC, and other organics in composites will support further reactivity
evaluations.

15.2 SINGLE-SHELL TANKS IDENTIFIED IN PUBLIC LAW 101-510

In addition to the sampling and analysis objectives specified in the
preceding sections, SSTs identified in Public Law 101-510 require further
analytical measurements in order to resolve the safety concerns associated
with those tanks. Four of the next 10 SSTs to be core sampled are identified
in Public Law 101-510. The tanks and their unresolved safety concerns are
C-112 (FeCN), C-109 (FeCN), C-106 (HH), and T-110 (gas). Each of the
programmatic organizations responsible for these associated safety questions
were contacted for their specific analytical requirements for resolution of
the safety concern. The following sections identify the additional sampling
and analysis objectives for these Public Law 101-510 list tanks.

15.2.1 Single-Shell Tank C-112

Ns Single-shell Tank C-112 has been identified as the primary receiver tank
for in-farm ferrocyanide-scavenged waste. Three cores are planned to be

-- collected from this tank. Each core is expected to contain two full segments
and a partial third segment. In order to enhance the resolution of the

Co vertical distribution study, each segment will be divided into two 9.5-in.
segments. This can aid in identifying the potential for formation of
localized layers of ferrocyanide. Limited physical and chemical analyses will
be performed before core compositing. The core composites will be treated as
described for baseline SSTs. The following measurements will be conducted
using the analytical procedures identified in Tables 15-1 and 15-2, unless
otherwise specified.

CN' Total cyanide analysis will be performed on each 9.5-in.
subsegment.

C14 TOC Total organic carbon will be performed using Pacific
a' Northwest Laboratory's method for solids on every

subsegment. (Note: NPH contamination may produce false
positive results from this method.)

Fusion The following list of analytes will be mesured from a
fusion digestion for every subsment: Cs, 90Sr, GEA,
Plutonium, Americium, Uranium, Tc, total alpha, total
beta, and ICP analyses.

Acid An ICP analysis will be performed from an acid-digestion
for every subsegment.

Water An IC analysis for anions (including NO ), pH, and TOC
using the 222-S method will be performed from a water-
digestion of each 9.5-in. subsegment.

PSA Particle-size analysis will be conducted for each 9.5-in.
subsegment.
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Adiabatic Adiabatic calorimetry will be performed for every
subsegment Calorimetry (where an exotherm was observed during the DSC

analysis). The procedure for this analysis is in
development.

Speciation X-Ray Diffraction (XRD) and PLM shall be conducted for all
subsamples that contain greater than 5,000 gg/g total CN_.
The procedure for x-ray diffraction at Westinghouse
Hanford is LA-507-151 and 152. Polarized Light Microscopy
is performed using document no. RHO-RE-ST-28P. Procedures
for both XRD and PLM must still be developed at PNL.

Further
Analyses Two chemical analyses have been identified for further

studies on homogenized subsegments. These analyses are
FeCN speciation and chemical oxygen demand (COD). Neither
of these tests are currently performed at the Hanford
Site. An archived sample will be taken to perform these
tests at a later date when they become available.

In light of the segmental and core-composite level analyses to be
performed on this tank, the spatial variability study recommended by PNL
(Section 11.2.2) can be conducted. In addition, a further comparison of
segmental versus core-composite analyses can be evaluated.

o 15.2.2 Single-Shell Tank C-109

This tank also is a ferrocyanide-receiver tank and will be analyzed in an
identical manner as SST C-112.

15.2.3 Single-Shell Tank C-106

This tank has been identified as a high-heat tank because of a quantity
of strontium-rich sludge. Currently, the tank is cooled by addition of
evaporation water. In order to stabilize this SST, a number of options have
been proposed. These options range from retrieving the waste to creating a

ON freeze barrier. To support design criteria for these alternatives, a number
of physical parameters have been requested to be measured. The responsible
programmatic organizations have identified the physical properties to be of
most interest for C-106. Therefore, rheological and physical properties will
be measured for every segment for each core. Because a limited retrieval of
C-106 is an alternative option, the vertical distribution of 9Sr must be
determined. A fusion dissolution for GEA, 90Sr, and ICP metals will be
performed for every segment. Two cores are expected to be obtained from this
SST. The core composites will be treated the same as baseline-case SST core
composites. Some of these parameters can not currently be performed onsite,
and others would require funding to develop procedures and techniques to
conduct the analyses. The additional requested physical and chemical
parameter measurements are summarized in Table 15-3.
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Ieasurement Level of Collection PNL 325 WHC 222-S Status
Parameter Analysis of Aliquot Procedure Procedure I

Fusion Every Segment Homogenized See See This analyses is typically done for SST
Dissolution Every Core Segment Table 15-1 Table 15-1 characterization.
GEA

Usion Dissolution Every Segment Homogenized See See This analyses is typically done for EST
Sr Every Core Segment Table 15-1 Table 15-1 characterization.

Particle Density Every Segment Pre-Homogenized TBD TOD This measurement has been previously
Every Core Segment performed at Hanford.

Thermal Output Every Segment Pre-Homogenized TBD TOD The Hanford Site does not currently
Every Core Segment possess the ability to perform the

sensitive calorimetry required to
accurately measure this parameter.
However, this can be calculated based
upon heat generation of the
radionuclides found in the sample.

Thermal Every Segment Pre-Homogenized TAD TSD The apparatus to measure the thermal
Conductivity Every Core Segment conductivity is not currently on-site.

The equipment should be purchased and a
meth developed to measure this
parameter.

Specific Heat Every Segment Pre-Homogenized See See This parameter can be estimated using
Every Core Segment Table 15-2 Table 15-1 the DSC procedure typically performed

for SOT characterization. However,
this procedure does not resolve the heat
addition due to phase changes,
decompositions, and water losses from
the rise in temperature.

Freezing Point of Every Segment Pre-Homogenized TBD TBD A procedure for this analyses must be
Sludge One Core Segment developed prior to measurement .of this

parameter.

Expansion of Every Segment Pre-Homogenized TED TED A procedure to measure the small volume
Sludge on Freezing One Core Segment increase of a sludge sample upon

freezing is not currently available. A
procedure and apparatus must be
developed prior to analysis.

Thermal Every Segment Pre-Homogenized TBD TED The technology to measure the thermal
Conductivity of One Core Segment conductivity at a sub-ambient
Frozen Sludge temperature in a hot-cell is not

currently available. Research and
development must be accomplished prior
to initiation of a procedure.

TBD - To Be Determined
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15.2.4 Single-Shell Tank T-11O

This SST has been identified as a hydrogen gas generator due to a
fluctuating liquid level. The safety program has requested some additional
analytical measurements to better understand the mechanisms for level
fluctuation. Three cores are expected to be obtained from this SST. The
requested additions can be measured using the typical procedures identified
Tables 15-1 and 15-2, except where otherwise noted. The additions are
summarized below.

DSC/TGA

Fusion GEA

Water Adsorption

Both a DSC and a thermogravimetry should be performed
at least twice per segment. An aliquot from each
visually discernable facie should be collected for
analysis. If no facies are visually obvious, the
aliquot should be collected from a location 4.75 in.
and 14.25 in. along the length of each segment.
These lengths correspond to one-fourth and
three-fourths of the length of a segment.

An aliquot should be collected and analyzed for GEA
using the fusion-dissolution preparation for each
homogenized segment sample.

The deliquescence or water adsorption properties of
the SST waste in this tank should be studied. This
measurement might explain the cyclic nature of the
liquid levels. This property should be measured on
both the liquid and solid-phase core composites.
A procedure should be developed to achieve this
parameter and an archive sample will be retained if
the procedure cannot be in place at the time of
analysis.

15-16
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16.0 SAMPLING AND ANALYSIS SCHEME
AND TEST PROCEDURES

The scheme for sampling and analysis of the next 10 SSTs has been divided
into 2 sections. Section 16.1 through 16.1.3 will describe the test
procedures for baseline-case SSTs expected to be used on typical non-Public
Law 101-510 list SSTs. Section 16.2 through 16.2.3.2 will detail the
analytical scheme required by the individual safety programs involved in
resolution of open safety issues. A flowchart outlining which SSTs shall be
sampled under which scenario has been presented as Figure 16-1.

If any new tanks are selected in addition to or to replace the tanks
listed in Figure 16-1, then these new tanks shall be sampled and analyzed
according to the proper analytical scenario described below. SSTs not
identified in Public Law 101-510 shall be analyzed according to the baseline
case scenario, SSTs identified in Public Law 101-510 shall be analyzed
according to the appropriate scenario outlined for the particular unresolved
safety question associated with that tank. The addition or substitution of
any new tanks to the selected list shall be properly documented.

Figure 16-1. Core Sample Analysis Scheme.

16-1
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16.1 BASELINE-CASE SINGLE-SHELL TANKS

Six of the next ten SSTs to be core sampled have been identified as non-
Public Law 101-510 list tanks. The selected non-Public Law 101-510 list tanks
are B-111, C-110, T-111, BX-107, BX-103, and S-104.

16.1.1 Baseline-Case Sample and Analysis Scheme

A flowchart depicting the general sampling and analysis scheme for non-
Public Law 101-510 List SSTs is presented in Figure 16-2. The individual
steps shown in Figure 16-2 are described in detail as follows:

" Step 1--Tank Farm operations will obtain one core from two or three
different risers in each SST listed in Table 13-1 using
procedure TO-020-450, "Perform Core Sampling." The number of cores
per tank required for characterization also is identified on
Table 13-1. One field blank will be taken for each tank by
preparing a sampler, as normal, using any necessary sealants but
filling it in the field with deionized water from the laboratory.

" Step 2--The decision to ship core samples to laboratory 325 or
222-S, will be made by the Office of Sample Management (OSM) before
initiation of the particular sampling event. Core samples will be
transported to the laboratories in accordance with
procedure TO-080-090, "Ship Core Samples."

" Step 3--Samples will be received, broken down, and extruded at each
laboratory using the procedures shown in Table 14-1. The visual
observations will be recorded on a SST Extrusion Logsheet. (A copy
of this logsheet is presented in Figure 16-3.) The visual
observations will include a sketch of the extruded core and such
pertinent descriptive information as color, texture, homogeneity,
and consistency. The physical parameters identified on the
extrusion logsheet will be measured and recorded. The physical
parameters listed include:

Drainable liquid

- Volume of liquid in liner (mL)
- Weight of liquid in liner (g)
- Volume of liquid in sampler (mL)
- Weight of liquid in sampler (g)

Bulk solid

- Weight of segment (g)
- Length of segment (in.)
- Length of segment (cm)
- Diameter of segment (cm)
- Volume of segment (cc)
- Bulk density (g/mL)
- Percent recovery
- Penetrometer

16-2
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Figure 16-2. Baseline Case Single-Shell Tank Sample
and Analysis Flow Diagram.
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Figure 16-3. Sinqle-Shell Tank Extrusion Logsheet.

Hanford Site
Single-Shell Tank Core Extrusion Logsheet

Tankl I Date Sampled Extruded by
Core No. IDate Extruded
Seg No. I

DRAINABLE LIQUID

Volume of Liquid in Liner (ml)
Weight of Liquid in Liner (g)
Volume of Liquid in Sampler (ml)
Weight of Liquid in Sampler (g)

Cf BULK SOLID

Weight of Segment (g)
Length of Segment (in)
Length of Segment (cm)
Diameter of Segment (cm)

r Volume of Segment (cc)
Bulk Density (g/ml)

T % Recovery

r Penetrameter

Visual Observations
(Color, Texture, Homogeneity,

Consistency, and Other)

Segment
Sketch Length

0

__1

2

3

4

5

6

7

8

9

10

11

12

13
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16

17

18

19
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The bulk density will be obtained by dividing the weight of the
segment by the volume of the segment so that:

Bulk Density = Weight of Segment
Volume of Segment

The percent recovery can be determined by dividing the volume of
material actually collected in the sampler by the volume expected
from a particular segment and then multiplying by 100.

Percent Recovery = Liquid Volume + Solid Volume x 100 %
Expected Volume

A color photograph documenting the extruded segment will be taken
after completely extruding the entire segment.

" Step 4--If the sample contains more than 25 mL of drainable liquid,
the liquid should be analyzed separately from the solids.

If the liquid is <25 mL, then it must be determined whether the
limited quantity of liquid is actually NPH will be made. If the
small quantity (<25 mL) of liquid is resolved to be NPH, then it
should be drained off and analyzed by GC to determine if any organic
compound other than NPH is present. If the drained NPH is highly
colored then an acid digestion shall be prepared and analyzed for
ICP, GEA, and total alpha. The NPH should not be discarded unless
until directed by TWCT personnel. If the small quantity of liquid
is not NPH, it should be retained with the sample for eventual
homogenization. Proceed to Step 7.

If the amount of drainable liquid is greater than 25 mL then proceed
to Step 5.

" Step 5--Separate the drainable liquid from the solids by allowing
the liquid to drain into a clean, plastic bottle. The liquid may be
drained from the extrusion tray or through a coarse, inert
(stainless steel, glass, or Teflon) filter that will permit the
solids to be recovered without significant losses. The solids are
to be retained in the extrusion tray for further subsampling and
analysis.

* Step 6A--The weight, volume, and density are determined on the
liquid.

* Step 6B--Sometimes NPH from the drilling is trapped in the sampler.
GC analysis, immiscibility test, and density measurement are used to

16-5
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determine if it is NPH. If the liquid is NPH, analyze it by GEA,
ICP, and total alpha to evaluate if it is significantly contaminated
with waste. Also record its color. If its density indicates it is
some other organic save for ignitibility testing.

" Step 6C--Prepare a liquid core composite from the liquids from each
segment. If the volume is small (25 to 50 mL) and found in only one
or two segments, composite the liquids proportionately with the
solid composite and homogenize before subsampling.

* Step 60--If a liquid core composite is prepared, analyze for the
same analytes as the solid core composite as shown in Table IS-1.

* Step 7--Every other segment from the first core obtained from each
SST will be used for extensive physical rheologic measurements. If
a segment is chosen for rheological examination, then proceed to
Step 8; otherwise, continue with Step 9. Incomplete core recovery
and other factors may require these segment selections to be
changed. These segments are chosen to provide rheology information
for waste at different depths in the tank. If incomplete segments
are obtained, Section 16.1 should be consulted for guidance on how
to use the sample and the change in plan discussed with OSM and Tank
Waste Characterization Technology.

* Step 8--While the core is unhomogenized and still in the extrusion
Lf tray, either randomly remove -30 g of sample from every 4 to 5 in.

of the segment (enough [120-150 g] to make two core composites and
segment archive) for the entire length of the segment or split the
sample lengthwise into a portion for rheology and a portion for
composites. This should be done in a manner that disturbs the
physical nature of the waste as little as possible and fast enough
that segments do not dry significantly. The random or one half of
the split sample is transferred to a glass jar for homogenization
(Step 10).

* Step 8A--The remaining unhomogenized segment material is then
subsampled for particle size, rheologic properties, settling
velocities, weight percent solids, DSC, and thermal gravimetry
according to procedures indicated for each analysis in Table 15-2.
VOA shall not be performed on the rheologic segments due to sample
size constraints.

* Step 9--If the segment is not used for rheology, take subsamples for
volatile organic analysis (VOA) and a limited number of physical
tests. The required physical tests are weight percent solids, DSC,
and thermal gravimetry. The procedures for these analyses are
listed in Table 15-2. Randomly sampled aliquots are collected from
the length of the core until about 10 g are obtained for VOA. These
should be collected and sealed as soon as possible after extrusion.
A similar procedure is used to obtained 1 to 3 g for particle size.
Differential scanning calorimetry samples should not be combined.
Choose a small (-0.5 g) sample from each distinctive region of the
segment. Attempts should be made to run the DSC on different phases
based on visual observations with the objective of locating
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concentrated areas of potentially exothermic materials. Thermal
gravimetric analysis should be performed on these same portions to
estimate water content and to support DSC analysis evaluations.
Because of problems keeping radioactive VOA samples cooled, these
samples shall be analyzed as quickly as possible. If NPH
interferences can not be removed, then no VOA will be performed
until a sufficient NPH clean-up can be accomplished.

* Step 10--Homogenize the solids from Step 9 or the random/split
sample from Step 8 using procedure LT-549-102 at 222-S Laboratory
and procedure PNL-ALO-135 at the 325 Laboratory.

* Step 11--Approximately 50 g of each homogenized segment should be
archived in a sealed glass jar for future analytical studies. This
archival procedure will eventually generate a large quantity of
archived samples, which can not be permanently stored in the hot
cells. This will require establishing a permanent SST sample
archive facility.

* Step 12--Determine if the segment is to be used for a homogenization
test. Every other segment from the second (nonrheologic) core will
be used for a homogenization test or at least two homogenization
tests per tank. If problems homogenizing samples are encountered
then the frequency of the homogenization tests should be increased.

* Step 13A--If a homogenization test is to be done, take one 3-to-5-g
subsample from opposite locations of the homogenized segment.
(i.e., two subsamples).

* Step 13B--Prepare duplicate 1-g aliquots of the subsamples (through
the acid digestion) for ICP analysis and GEA using the same
procedures identified for acid digestion listed in Table IS-1.
Analyze acid-digested samples for ICP metals, GEA and total alpha.
Use the same analysis procedures described in Table 15-1.

* Step 14--When all the segments have been either subsampled for core
composites (rheology segments) or homogenized, the core composites
can be built.

* Step 15--Using portions of the homogenized segments from Step 10,
build two core composites for each core. Identify and report all
segments and weights used to make the composites. (See Section 16-1
for a discussion of core compositing.)

* Step 16--Homogenize each of the core composites.

* Step 17--Perform duplicate analyses for all the parameters
identified in Table 15-1 for each core composite.

* Step 18--Archive 200 to 300 g of remaining segments for analysis
verification and performance assessment parameters.

Most of the analytical procedures are the same as were used in Phase IA
and IB. The 222-S Laboratory will be implementing a new micro-distillation
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system for cyanide. This system uses sulfuric acid, MgS04, and heat to
distill off HCN gas through a semi-permeable membrane where it is trapped in a
small volume of NaOH. Cyanide is determined by the same calorimetric
procedure used before. The distillation tubes are disposable and the heating
system can process up to 20 samples at a time.

Pacific Northwest Laboratory will test some new cleanup technology for
removing NPH in the volatile and semivolatile organic analyses. The volatile
cleanup uses HPLC and removes 99% of the NPH. If the procedure development is
completed, this new technique shall be implemented for the next ten SSTs. The
semi-volatile cleanup removes about 85% of the NPH and does not require any
special equipment. This should improve semi-volatile detection limits and
will be evaluated on the next ten tanks.

The old method for EDTA and HEDTA is not usable because the same
chromatographic columns are no longer available and a new chromatographic
system has not been developed. A sulfide method is still in the process of
being developed and will n9t be avaable for the analysis of these tanks.
Radiochemical methods for Ni and "Nb are not developed for the 222-S
Laboratory. The 325 Laboratory has a method for Ni that must be run on the
acid digestion (because of nickel interference from the fusion crucible), but
has not been routinely implemented. This is not expected to cause a problem
unless highly insoluble nickel species are present. Also, PNL has a potential

C) 93mNb method that could be evaluated but is not ready for routine use.

Modified TCLP methods for metals analysis has to be developed at both
laboratories and is planned to be implemented for the next ten SSTs.
Flashpoint ignitibility methods have not been developed and are not planned
unless liquid organics are found in the tank. Cyanide and sulfide reactivity
measurements are not planned since these tanks are not expected to contain

cv significant quantities of cyanide or sulfide.

The information in Figure 16-2 and in Tables 5-1 through 5-2 have been
combined into Figure 16-4, "Baseline Case SST Sample Allocation." Analytes
not planned or that only may be tested for evaluation (VOAs, 9 'Nb) are noted
in Figure 16-3.

I6.1.2 Core Compositing

In Phase IA and IB, the core composites were built using quantities of
segments based on a proportion of the total weight of sample for the care.
This assumes that the sample obtained is representative of what is in the
tank. However, when partially filled segments are obtained, this procedure
assumes that the tank does not contain any waste in this area. Actually, the
incomplete recovery for a segment may be the result of sampling problems
rather than voids in the waste. If this is true, the composite results could
be weighted more heavily to components and concentrations found in full
segments.

Another approach is to composite equal quantities of-segments and assume
that whatever is obtained in a partial segment is representative of the entire
segment. Some inaccuracies may be introduced because of density differences
between segments but these would probably be insignificant because the density

16-8
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differences are small compared to the other errors in sampling and analysis.
If full segments are obtained for the entire core there, will be little
difference between the two approaches. Since it seems more likely that the
partial segments are the result of sampling problems rather than voids in the
waste, this equal quantity-per-segment approach to compositing will be used
for the next 10 tanks. The top or first segment from a core is taken so that
remaining segments will be full; therefore, it is normally a partial segment
and will be composited proportionately. This approach also should help
simplify the compositing procedure.

16.1.3 Baseline-Case Single-Shell Tank Core
Sample Utilization

Using the constant quantity approach, the amount of material that can be
used to build a core composite will be limited by the amount of segment sample
remaining from the segment with the lowest partial recovery. The complexity
of the SST characterization program which uses one set of samples to perform
tests to satisfy multiple data users, makes it difficult to write a definitive
test plan when incomplete samples are recovered. Tables 16-1 through 16-5

on look at sample utilization, the impact of partial recovery, and sample
quantity requirements for different options. These tables are intended to
help develop analysis strategies when partial segments are received.

Table I6-1 estimates the amount of prehomogenized segment sample used and
In remaining for cores in which (1) rheology samples are taken and (2) no

rheology is performed. A maximum and minimum quantity of sample needed is
estimated. The maximum is based on large sample sizes, full quality control,
and sufficient sample for reruns. The minimum is based on smaller samples,
and reduced quality control and rerun requirements. The basis for the numbers
is provided. For example, 5S + 50 + 10MSD + 1ORR means 5 g for sample + 5 g
for duplicate + 10 g for matrix spike duplicate + 10 g for reruns. Obviously,

-- cores used for rheology require the most sample. For the cores without
rheology, the VOA consumes the most samples. Roughly 56 g to 141 g of the

CM original segment sample will remain for core compositing from a rheology core
segment, providing 100% core recovery. On the other hand, 95 g to 184 g would
remain from a nonrheology core segment with 100% core recovery.

Table 16-2 estimates the amount of segment sample that needs to be
archived. Since the analysis of semi-volatile organics and TCLP testing will
probably not be required on segments, archive samples of 15 to 30 g should be
adequate for most chemical and radiochemical tests.

Table 16-3 estimates the amount of sample needed for completing the
analysis on a single core composite. Since two core composites must be made
for each core, the values required for compositing (listed as the first
subtotal) must be doubled. The remaining analyses and archives only require
one quantity per core.

Table 16-4 estimates the volume of water-digested sample needed to
complete the analysis. This estimate indicates that the digestion procedure
should be changed from 1 g in 100 mL of water to 2 g in 200 mL of water. This
allows larger sample sizes and better detection limits.
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Rheology Core No rheology Core I

Task Performed Maximum Minimum Balance Maximum Minimum Balance Basis
Used Used Range Used Used Range

_S (g) (g) Ii(g) (g) (g) (g I

Extrude Segment 0 0 234 0 0 234 180ml x 1.3 g/mL

Portion for DSC 3 1 231-233 3 1 231-233 3 phases x 1g

Portion for 1 1 230-232 1 1 230-232 Random Ig
Particle Size

Portion for 0 0 230-232 0 0 230-232 Calculations for weight
Bulk Density and volume

Portion for 120 65 110-167 0 0 230-232 90mL and 5OmL samples
Rheology

Portion for VOA 0 0 110-167 30 12 200-220 55 + 5D + 1OMSD + JORR 2S
+ 2D + 4SD + 4RR

Transfer Loss 24 12 86-155 24 12 176-208 5% = 12g, 10% = 24g

Portion for 0 0 86-155 6 4 170-204 2S + 2D + 2RR
Homog. Test 2S + 2D

Portion for 30 14 56-141 75 20 95-184 No TCLP, Semi-VOA or EOX
Seg. Archive I on Rheology

Amount - - 56-141 - - 95-184
Remaining for
Core Composites
Total g Used 178 93 139 50

S = Sample
D = Duplicate

MSD = Matrix Spike Duplicate
RR = Rerun

Seg. = Segment
Homog. = Homogenization

Cr

M'

CD

C+

%U
C+

-4
C..

-a
-a

C,

I,,

0
N
0

m
C
to



WHC-EP-0210 Rev 3

Table 16-2. Estimate of Segment Archive Sample Utilization.

16-12

Analysis Segment Amount Basis
Maximum Minimum

ICP/Acid 6 2 15 + ID + 2MSD +2RR
IS + 1D

Anions/Water 4 2 iS + ID + 2RR
is + ID

Rads/Fusion 1 1 0.25S + .25D + 0.5RR

pH/Corrosivity 5 5 2.5S + 2.5D

GFAA/Acid 6 2 Same as ICP

CVAA/Hg 2 1 0.2S + 0.2D + 0.4MSD + 0.4RR
0.2S + 0.2D

Cyanide 6 1 L.OS + 1.OD + 2.OMSD + 2.ORR
(Large Dist.)
0.2S + 0.2D + 0.4MSD
(Micro Dist.)

Subtotal 30 14

Semi-VOA 30 6 5.OS + 5.OD + 1OMSD + 1ORR
2.OS + 2.OD + 2MSD

TCLP 10 0 10s

EOX 5 0 5S

Total 75g 20g
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Table 16-3. Estimate of Core Composite Sample Utilization.

Analysis cc cc Basis (Max)
Max. Min. Basis (Min)

(g) (q)

Acid Digestion #1 6 4 IS + ID + 2MSD + 2RR
(ICP) iS + 10 + 1MS + 1RR

Acid Digestion # 2 6 4 Same as ICP
(GFAA) I
Direct As, Se (HVAA) 3 2 (0.25S + 0.25D + 0.SMSD + 0.5RR) (2)
CVAA 2 1 .2S + .2D + .4MSD + .4RR

Water Digestion # 1 8 6 2S + 2D + 4RR
(IC, NH3 , TOC, ICP, 2S + 2D + 2RR
Rads)

Water Digestion # 2 10 8 2.5S + 2.5D + 5.ORR
(pH, Corrosivity) 2.5S + 2.50 + 2.5RR

Fusion Portion 1 1 0.25S + 0.25D + 0.5RR
(Rads, ICP)
Direct Anions
CN' Portion (Macro) 6 4 IS + 1D + 2MSD + 2RR

(Micro) 2 1 0.2S + 0.2D + 0.4MSD + 0.4RR
S-2 Portion 2 1 Same as Micro CN'
Wt% H20 4 3 1S + 1D + 2RR

15 + 1D + 1RR
DSC/TGA 1 1 O.IS + 0.1D + 0.2RR Ka)
Subtotal 51 36

x 2
102 72

Semi-VOA 50 20 5S + SD + 1OMSD + 1ORR
5S + 5S + 5MS + 5RR

EOX 12 8 2S + 2D + 4MSD + 4RR
2S + 2D + 2MS + 2RR

Subtotal 164 100

TCLP 20 10 ioS + 10D or RR
105

Subtotal 184 110
Analysis Archive 75 20 Same as Segment Estimate
Subtotal 259 130

PA Archive 150 100 Performance Assessment Tests
(Duplicates)

Total 409 230
CC - Core Composite
(a) = Lowest estimate is rounded to 1 g
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Table 16-4. Water Digestion Sample Utilization.

Analysis Water Water Basis
Maximum Minimum (Maximum, mL)

mL mL (Minimum, mL)

IC 8 6 1S + 10 + 5PS + 1RR
0.25S + 0.25D + 5PS + 0.2RR

Carbonate 1 1 0.2S + 0.2D + 0.2PS + 0.2RR
0.2S + 0.2D

Ammonia 15 6 5S + 5D + 5RR
2S + 20 + 2RR

TOC 8 6 1S + ID + SPS + lRR
0.25S + 0.25D + 5PS + 0.25RR

ICP 80 50 20S + 20D + 2OPS + 20RR
105 + 10D + 20PS + 1ORR

C-14 40 20 10S + 10D + loPS + 1ORR
SS + 5D + 5PS + 5RR

H-3 40 20 lOS + 10D + 1oPS + IORR
55 + 5D + 5PS + 5RR

Total 192 mL 109 mL

PS - post adjustment spike
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Tables 6-5A and 5B respectively estimate the amount of sample remaining
in each segment for compositing samples with different percent recoveries for
rheologic cores and nonrheologic cores. The total quantities that could be
composited are estimated for 2-segment, 3-segment,5-segment, and 7 segment
cores with minimum and maximum posthomogenization sample sizes. As can be
clearly seen, the amount of available sample is heavily dependant upon the
percent recovery. Most of the SSTs selected are predicted to contain soft
waste and should be able to be sampled with high recoveries. The amount of
available sample also is sensitive to the number of segments per core. Some
of the selected tanks do not contain vast quantities of waste and the waste
heights will provide only two to three segments. For these tanks, minimum
sample sizes will be required to be used to enable the full spectrum of
characterization activities to be performed.

If during the process of sampling, extrusion, and analysis, it becomes
apparent that there will be insufficient samples to perform all of the tests
designated in this, then sample sizes must be reduced and/or some analyses and
archives eliminated. These decisions must be made on a case-by-case basis by
Tank Waste Characterization Technology in conjunction with the OSM.

The evaluation of sample utilization indicates that for cores that
require rheology, it would be best to select a segment with >80% recovery for
the rheology test, which permits the largest core composite to be constructed.
If the recovery for a segment becomes too low, it may be necessary to choose a
segment with higher recovery for the basis of the core composite, even though
the composite may not be weighted properly for the low-recovery segments.
This is always the case for a core that contains segments from which no sample
is recovered.

For segments that are expected to be only partially full, such as the
first segment of each core, it should be composited in proportion to the
amount that was expected. If incomplete segments cause a change in the plan,
the changes should be discussed and approved by OSM and Tank Waste
Characterization Technology. All changes in the plan will be documented in
the data packages and subsequent reports.

16.2 SINGLE-SHELL TANKS IDENTIFIED IN PUBLIC LAW 101-510

A separate flowsheet depicting the specific sampling and analysis scheme
for each type of tank identified in Public Law 101-510 has been generated.
They are presented in detail in the following sections.

16.2.1 Ferrocyanide Tanks (C-112 and C-109)

Two ferrocyanide tanks are expected to be core sampled and analyzed
during the next ten tanks. Three cores are expected to be obtained from each
of these two tanks. The 19 in. segments shall be divided into 9 1/2 in.
subsegments to enhance the resolution of the vertical distribution of such key
components as FeCN and radionuclides.
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16.2.1.1 Sample and Analysis Scheme for Ferrocyanide Tanks (C-112 and C-109).
The flowsheet for FeCN SSTs C-112 and C-109 is presented in Figure 16-5. Each
individual step on the flowsheet has been described in detail below.

" Step 1--Tank Farm operations will obtain one core from three
different risers in each SST (C-112 and C-109) using procedure
TO-020-450, "Perform Core Sampling." One field blank will be taken
for each tank by preparing a sampler, as normal, using any necessary
sealants but filling it in the field with deionized water from the
laboratory.

" Step 2--The decision to ship core samples to laboratory 325 or
222-S, will be made by the OSM before initiation of the particular
sampling event. Core samples will be transported to the
laboratories in accordance with procedure TO-080-090, "Ship Core
Samples.*

* Step 3--Samples will be received, broken down, and extruded at each
laboratory using the procedures shown in Table 14-1. The visual
observations will be recorded on a SST Extrusion Logsheet. (A copy
of this logsheet is presented in Figure 16-2.) The visual
observations will include a sketch of the extruded core and such
pertinent descriptive information as color, texture, homogeneity,
and consistency. The physical parameters identified on the
extrusion logsheet will be measured and recorded. The physical
parameters listed include:

Drainable liquid

- Volume of liquid in liner (mL)
- Weight.of liquid in liner (g)
- Volume of liquid in sampler (mL)
- Weight of liquid in sampler (g)

Bulk solid

- Weight of segment (g)
- Length of segment (in.)
- Length of segment (cm)
- Diameter of segment (cm)
- Volume of segment (cc)
- Bulk density (g/mL)
- Percent recovery
- Penetrometer
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Figure 16-5. Sample and Analysis Flow Diagram for
Single-Shell Tanks C-112 and C-109.
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The bulk density will be obtained by dividing the weight of the
segment by the volume of the segment so that:

Bulk Density = Weight of Segment
Volume of Segment

The percent recovery can be determined by dividing the volume of
material actually collected in the sampler by the volume expected
from a particular segment and then multiplying by 100.

Percent Recovery = Liquid Volume + Solid Volume X 100%
Expected Volume

A color photograph documenting the extruded segment shall also be
taken after completely extruding the entire segment.

" Step 4--If the sample contains more than 25 mL of drainable liquid,
the liquid should be analyzed separately from the solids.

If the liquid is <25 mL, then it must be determined whether the
limited quantity of liquid is actually NPH will be made. If the'
small quantity (<25 ml) of liquid is resolved to be NPH, then it
should be drained off and analyzed by GC to determine if any organic
compound other than NPH is present. If the drained NPH is highly
colored then an acid digestion shall be prepared and analyzed for
ICP, GEA, and total alpha. The NPH should not be discarded unless
until directed by TWCT personnel. If the small quantity of liquid
is not NPH, it should be retained with the sample for eventual
homogenization. Proceed to Step 7.

If the amount of drainable liquid is greater than 25 mL then proceed
to Step 5.

" Step 5--Separate the drainable liquid from the solids by allowing
the liquid to drain into a clean, plastic bottle. The liquid may be
drained from the extrusion tray or through a coarse, inert
(stainless steel, glass, or Teflon) filter that will permit the
solids to be recovered without significant losses. The solids are
to be retained in the extrusion tray for further subsampling and
analysis.

* Step 6A--The weight, volume, and density are determined on the
liquid.

" Step 6B--Sometimes NPH from the drilling is trapped in the sampler.
GC analysis, immiscibility test, and density measurement are used to
determine if it is NPH. If the liquid is NPH, analyze it by GEA,
ICP, and total alpha to evaluate if it is significantly contaminated
with waste. Also, record its color. If its density indicates it is
some other organic save for ignitibility testing.
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* Step 6C--Prepare a liquid core composite from the liquids from each
segment. If the volume is small (25 to 50 mL) and found in only one
or two segments, composite the liquids proportionately with the
solid composite and homogenize before subsampling.

* Step 6D--If a liquid core composite is prepared, analyze for the
same analytes as the solid core composite as shown in Table I5-1.

Step 7--Each 19-in. segment will be divided into two 9.5-in.
subsegments. The two subsegments should remain unhomogenized in the
sample tray. The upper subsegment will be labeled will the suffix
"A" and the lower with the suffix "B." The naming convention for
the root segment name will remain the same.

* Step 8--Every other segment from the first core obtained from each
SST will be used for extensive physical and rheologic measurements.
If a segment is chosen for rheological examination, then proceed to
Step 9 otherwise, continue with Step 11. Incomplete core recovery
and other factors may require these segment selections to be
changed. These segments are chosen to provide rheology information
for waste at different depths in the tank. If incomplete segments
are obtained, Section 16.1 should be consulted for guidance on how
to use the sample and the change in plan discussed with OSM and Tank
Waste Characterization Technology.

* Step 9--While the subsegments are unhomogenized and still in the
extrusion tray, either randomly remove -20 g of sample from every
2 to 3 in. of the segment (enough [60-80 g] to make two core
composites, a subsegment archive, and for limited chemical analysis
on the subsegment) for the entire length of the subsegment or split
the sample lengthwise into a portion for rheology and a portion for
composites. This should be done in a manner that disturbs the
physical nature of the waste as little as possible and fast enough
that subsegments do not dry significantly. The random or split
sample is transferred to a glass jar for homogenization (Step 10).

* Step 9A--The remaining unhomogenized subsegments are subsampled for
particle size, DSC, and thermal gravimetry on a subsegmental level.
The remaining sample material, after all subsampling, shall be used
for measurement of rheologic properties, settling velocities, and
weight percent solids on a segmental basis. All physical
measurements will be made according to procedures indicated for each
analysis in Table 15-2.

* Step 1bA--The random or split subsegment sample obtained in Step 9
will be thoroughly homogenized using procedure T046 at the
222-S laboratory and procedure PNL-ALO-135 at the 325 Laboratory.
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* Step 10B--Due to the significant sample volume requirements for the
physical and rheologic measurements, only a limited amount of
chemical characterization can be performed on the subsegment samples
from the rheologic segments. An aliquot will be taken from the
homogenized subsegment to perform each of the following preparations
and analyses in duplicate:

Preparation Analyses

Fusion dissolution GEA
Sr

ICP

Water leach Anions

Direct CN'
TOC
Wt % H20

The procedures for each of these preparations and analyses can be
0% found in Table I5-1.

& Step iCC--Approximately 15 g of each subsegment should be archived
in a sealed, smoked-glass jar for future analysis.

* Step 11--If the segment is not used for rheology, take subsamples
Ln for VOA and a limited number of physical tests. The required

physical tests are weight percent solids, DSC, and thermal
gravimetry. The procedures for these analyses are listed in

Ns Table 15-2. Randomly sampled aliquots are collected from the length
of the core until about 10 g are obtained for VOA. These should be

(V collected and sealed as soon as possible after extrusion. A similar
procedure is used to obtain 1 to 3 g for particle size.
Differential scanning calorimetry samples should not be combined.
Choose a small (-0.5 g) sample from each distinctive region of the
segment. Attempts should be made to run the DSC on different phases
based on visual observations with the objective of locating
concentrated areas of potentially exothermic materials. Thermal
gravimetric analysis should be performed on these same portions to
estimate water content and to support DSC analysis evaluations.
Because of problems keeping radioactive VOA samples cooled, these
samples will be analyzed as quickly as possible.

* Step 12--Homogenize the subsegment sample material remaining from
Step 11 using procedure T046 at the 222-S Laboratory and procedure
PNL-ALO-135 at the 325 Laboratory.
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* Step 13--A sufficient aliquot will be collected from each of the
homogenized subsegment samples to perform the following preparations
and analyses in duplicate:

Preparation Analyses

Fusion dissolution

Acid digestion

Water digestion

Water digestion
Residual solids

Direct

6JA
7Sr

Plutonium
Americium
Uranium

Total Alpha
Total Beta
ICP

ICP

IC
pH
TOC
CN~

XRD (if CN- > 5,000 pg/g) -

CN~
TOC
PLM
Wt % H 0
Adiabaiic Calorimetry
(if DSC observes exotherm)

The procedures for each of these preparations and analyses, except
where otherwise noted, can be found in Table 15-1. The procedure
for x-ray diffraction at Westinghouse Hanford is LA-507-151 and 152.
Polarized light microscopy is performed using procedures document
no. RHO-RE-ST-28P at the 222S lab. Procedures for both XRD and PLM
must be developed at PNL.

* Step 14--Approximately 25 g of each homogenized subsegment should be
archived for future analytical studies in a sealed glass jar.

* Step 15--Determine if the subsegment is to be used for a
homogenization test. Every fourth subsegment from the second
(nonrheologic) core will be used for a homogenization test. If
problems homogenizing the samples is encountered then the frequency
of the homogenization test should be increased.
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* Step 16A--If a homogenization test is to be done, take one 3-to-5-g
subsample from opposite locations of the homogenized subsegment
(two subsamples).

* Step 16B--Prepare duplicate 1-g aliquots of the subsamples (through
acid digestion) analyses for ICP, GEA, and total alpha using the
same procedures identified for acid digestion listed in Table 15-1.
Since the distribution of CN is a primary objective of the sampling
and analysis of these two tanks, measurement of CN using the same
analysis procedures described in Table 15-1 shall be conducted for
the homogenization test.

* Step 17--When all the subsegments have been either subsampled for
core composites (rheology segments) or homogenized, the core
composites can be built.

* Step 18--Using portions of the homogenized subsegments from either
Step 10C, Step 15, or Step 16B, build two core composites for each
core. Identify and report all subsegments and weights used to make
the composites. (See Section 16.1.2 for a discussion of core
compositing.)

* Step 19--Homogenize each of the core composites.

* Step 20--Perform duplicate analyses for all the parameters
identified in Table I5-1 for each core composite. In addition,
perform CN' reactivity analysis on each core composite.

* Step 21--Archive 200 to 300 g of remaining segments for analysis
verification and performance assessment parameters.

Figure 16-6 depicts the sample allocation for analysis of SSTs C-112 and
C-109.

16.2.1.2 FeCN Core Sample Utilization. Tables 6-6 through 6-11 look at
sample utilization, the impact of partial recovery, and sample quantity
requirements for FeCN SSTs C-112 and C-109. These tables are intended to help
develop analysis strategies when partial segments are received.

Table 16-6 estimates the amount of prehomogenized subsegment sample used
and remaining for cores in which (1) rheology samples are taken and (2) no
rheology is performed. A maximum and minimum quantity of sample needed is
estimated. The maximum is based on large sample sizes, full quality control,
and sufficient sample for reruns. The minimum is based on smaller samples,
and reduced quality control and rerun requirements. The basis for the numbers
is provided. For example, 5S + SD + IOMSD + 1ORR means 5 g for sample + 5 g
for duplicate + 10 g for matrix spike duplicate + 10 g for reruns. The large
sample required for rheologic analyses is off-set by the VOA and the more
extensive chemical analyses performed on nonrheologic cores. Due to the
limited amount of samples contained in a 9.5-in. subsegment, maximum sample,
sizes and Quality Assurance (QA) will totally consume the subsegment.
Therefore, minimum sample sizes and QA will be required for these two FeCN
tanks. Approximately 40 g and 35 g of subsegment sample will remain from a
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rheologic and nonrheologic core, respectively. If VOA is not anal-yzed on the
nonrheologic cores, then 92 g of subsegment sample will remain for core
compositing.

Table 16-7 estimates the amount of homogenized subsample that will be
required to perform limited chemical analyses. Fewer chemical analyses are
performed on rheologic cores due to the larger sample requirements of the
physical testing.

Table 16-8 estimates the amount of subsegment sample that needs to be
archived. Because a limited chemical characterization will be performed, no
subsegment sample shall be archived for chemical analyses. Only those
chemical tests that are not currently available or are dependant upon the
result of a previous test will be archived. Aliquots for a chemical
speciation for FeCN and a COD test will be archived only for nonrheologic
cores. The adiabatic calorimetry test will be performed only if the DSC
analysis indicates the presence of an exotherm.

Table 16-9 estimates the amount of sample needed for completing the
analysis on a single core composite. Since two core composites must be made
for each core, the values required for compositing (listed as the first
subtotal) must be doubled. The remaining analyses and archives only require
one quantity per core.

Table 16-10 estimates the volume of water-digested sample needed to
complete the analysis. This estimate indicates that the digestion procedure
should be changed from 1 g in 100 mL of water to 2 g in 200 mL of water. This
allows larger sample sizes and better detection limits.

Table 16-11 estimates the amount of sample remaining in each segment for
compositing samples with different percent recoveries for rheologic cores and
nonrheologic cores. The total quantities that could be composited are
estimated for four and five subsegments per core using only minimum
posthomogenization sample sizes. Estimates of sample availability for
nonrheologic cores without VOA also has been made. As can be clearly seen,
the amount of available sample is heavily dependant upon the percent recovery.
These two SSTs are predicted to contain soft waste and should be able to be
sampled with high recoveries. The Performance Assessment (PA) archive sample
will not be attained from these two tanks due to the limited amount of sample.
If under a 90% core recovery is achieved, then an insufficient amount of
sample will be available to perform a full core composite characterization on
two composites per core. In this circumstance, only one core composite per
core will be built to enable a full characterization to be performed on that
single core. This decision will be made by Tank Waste Characterization
Technology in conjunction with the OSM.
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Rheology Core No rheology Core

Task Performed Max (g) Min Balance Max (g) Min Balance Basis
T a s k ( g ) ( g )=( g )

Extrude Segment 0 0 234 0 0 234 180mL x 1.3 g/mL

Divide Segment 0 0 117 0 0 117 234 + 2
into Subsegments ____ ____ _____ _ _ _ _ ____ _____ ______ _______

Portion for DSC 3 2 114-115 3 2 114-115 3 phases x Ig (Minimum of
2 per Subsegment)

Portion for 1 1 113-114 1 1 113-114 Random 1g
Particle Size

Portion for Bulk 0 0 113-114 0 0 113-114 Calculations for weight
Density and volume

Portion for 60 33 53-81 0 0 113-114 (90mL and 50mL samples)
Rheology

Portion for VOA 0 0 53-81 30 12 83-102 5S + 5D + 1OMSD + 1ORR 2S
+ 2D + 4SD + 4RR

Transfer Loss 12 6 41-75 12 6 71-96 5% = 6g; 10% - 12g

Portion for 19 12 22-63 35 25 36-71 See Table 16-7
Chemical
Analysis

Portion for 0 0 22-63 6 4 30-67 2S + 2D + 2RR
Homog. Test 2S + 2D

Portion for 15 15 7-48 27 19 3-48 See Table 16-8.
Subseg Archive

Amount Remaining - - 7-48 - - 3-48
for Core
Composites

Total g Used 1 1101 691 1 1141 691
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Tabla IR-7 Estimate of Subseamen SaneUiiain(-1 n -0).

Table 16-8. Estimate of Subsegment Archive Sample
Utilization (C-112 and C-109).

16-28

Rheology Core No rheology Core

Analysis Maximum Minimum Maximum Minimum Max Basis
Performed Used Used Used Used Min Basis

(g) (g) (g) (g) - I

Acid Digestion 0 a 6 4 IS + 1D + 2 MSD + 2RR
IS + 1D + 1 MSD + 1RR

Water Digestion 2S + 2D + 4RR (IC)
IC 8 6 8 6 2S + 2D + 2RR (IC)

2.5S + 2.5D + 5.ORR (pH)
pH, TOC 0 0 10 8 2.55 + 2.5D + 2.5RR (pH)

Fusion 0.25S + 0.25D + 0.5RR
Dissolution 1 1 1 1 0.25S + 0.25D + 0.5RR
(ICP, Rads)

Direct
CN~ Macro 6 4 6 4 IS + 1D + 2MSD + 2 RR

Micro 2 1 2 1 0.2S + 0.2D + 0.4MSD +
s-2 2 1 2 1 0.4RR

Same as Micro CN~

Total 19 12 35 25
Subsegment

Analysis Segment Amount Basis
Maximum Minimum

Adiabatic 15 15
Calorimetry

FeCN 6 2 1.OS + 1.00 + 2MSD + 2RR
Speciation 0.5S + 0.50 + IMSD

COD 6 2 LOS + 1.OD + 2MSD + 2RR
0.5S + 0.50 + 1MSD

Total Sg 27g
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Table 16-9. Estimate of Core Composite Sample Utilization (C-112 and C-109)

Analysis CC CC Basis (Max)
Max. Min. Basis (Min)

I (g) (g)

Acid Digestion # 1 6 4 iS + 1D + 2MSD + 2RR
(ICP) 15 + 1D + IMS + 1RR

Acid Digestion # 2 6 4 Sane as ICP
(GFAA)
Direct As, Se (HYAA) 3 2 (0.25S + 0.25D + 0.5MSD + 0.5RR) (2)

CVAA 2 1 .2S + .2D + .4MSD + .4RR
(Hg)

Water Digestion # 1 8 6 2S + 2D + 4RR
(IC, NH3, TOC, ICP, 2S + 2D + 2RR
Rads)

Water Digestion # 2 10 8 2.5S + 2.5D + 5.0RR
(pH, Corrosivity) 2.5S + 2.5D + 2.5RR

Fusion Portion 1 1 0.25S + 0.25D + 0.5RR
(Rads, ICP) 0.25S + 0.25D + 0.25RR
Direct Anions
CN~ Portion (Macro) 6 4 iS + 1D + 2MSD + 2RR

(Micro) 2 1 0.2S + 0.2D + 0.4MSD + 0.4RR
S-2 Portion 2 1 Same as Micro CN"

Wt% H20 4 3 1S + 1D + 2RR
IS + 1D + RR

DSC/TGA 1 1 0.1S + 0.1D + 0.2RR (a)

Subtotal 51 36
x 2

102 72

Semi-VOA 50 20 5S + 5D + 1OMSD + 1ORR
5S + SS + SMS + 5RR

EOX 12 82S + 2D + 4MSD + 4RR
2S + 2D + 2MS + 2RR

Subtotal 164 100

TCLP 201 10 10S + 10D or RR
10S

Subtotal 184 110

Analysis Archive 1 751 201 Same as Basecase Archive
Subtotal 259 130
PA Archive 150 1001 Performance Assessment Tests

I _ (Duplicates)

Total 409 230

CC = Core Composite
(a) = Lowest estimate is rounded to 1 g
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Table 16-10. Water Digestion Sample Utilization.

Analysis Water Water Basis
Maximum Minimum (Maximum, mL)

mL mL (Minimum, mL)

IC 8 6 IS + 1D + 5PS + 1RR
0.255 + 0.25D + 5PS + 0.2RR

Carbonate 1 1 0.2S + 0.2D + 0.2PS + 0.2RR
0.25 + 0.2D

Ammonia 15 6 5S + 5D + 5RR
2S + 2D + 2RR

TOC 8 6 1S + 1D + 5PS + 1RR
0.25S + 0.25D + 5PS + 0.25RR

ICP 80 50 20S + 20D + 20PS + 20RR
S10 + 100 + 20PS + 1ORR

C-14 40 20 lOS + 100 + 1oPS + 1ORR
S55+ 5D + 5PS + 5RR

H-3 40 20 lOS + 10D + loPS + 1ORR
55 + SD + 5PS + 5RR

Total 192 mL 109 mL

PS - post adjustment spike

16-30

C4

C

tc.n

f-1



9 2 1 2 7 ~ 5 0 2 0 7

% Min Rheology Min No Rheology
Recovery I 1 1

117 x fR- 69  4 Min 5 Min 117 x fr-69 4 Min 4 Min 5 Min 5 Min
I_ 1_ 1 117 x f0 -57(a) I I (a) (a)

100 48 192 240 48 192 240 240 300
60

90 36.3 145 182 36.3 145 193 182 242
48.3

80 24.6 98 123 24.6 98 146 123 183
36.6

70 12.9 52 65 12.9 52 98 65 123
24.5

60 1.2 5 6 1.2 5 53 6 66
13.2

50 0 0 0 0 0 0 0 0

40 0 0 0 0 0 0 0 0

30 0 0 0 0 0 0 0 0

20 0 0 0 0 0 0 0 0

(a) No VOA Analyses
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16.2.2 HIGH HEAT SINGLE-SHELL TANKS (C-106)

One high heat SST, C-106, is expected to be sampled during the next ten
SSTs. Two cores are planned to be obtained from this tank.

16.2.2.1 Sample and Analysis Scheme for Single-Shell Tank C-106. A flowchart
depicting the general sampling and analysis scheme for SST C-106 is presented
in Figure 16-7. The individual steps shown on Figure 16-7 are described in
detail as follows:

" Step 1--Tank Farm operations will obtain one core from two different
risers in SST C-106 using procedure TO-020-450, "Perform Core
Sampling." One field blank will be taken by preparing a sampler, as
normal, using any necessary sealants but filling it in the field
with deionized water from the laboratory.

" Step 2--The decision to ship core samples to laboratory 325 or
222-S, will be made by the OSM before initiation of the particular
sampling event. Core samples will be transported to the
laboratories in accordance with procedure TO-080-090, "Ship Core
Samples."

" Step 3--Samples will be received, broken down, and extruded at each
oD laboratory using the procedures shown in Table 14-1. The visual

observations will be recorded on a SST Extrusion Logsheet. (A copy
In of this logsheet is presented in Figure 16-2.) The visual

observations will include a sketch of the extruded core and such
pertinent descriptive information as color, texture; homogeneity,

I-.. and consistency. The physical parameters identified on the
extrusion logsheet will be measured and recorded. The physical

CV parameters listed include:

Drainable liquid

- Volume of liquid in liner (mL)
- Weight of liquid in liner (g)
- Volume of liquid in sampler (ml)
- Weight of liquid in sampler (g)

Bulk solid

- Weight of segment (g)
- Length of segment (in.)
- Length of segment (cm)
- Diameter of segment (cm)
- Volume of segment (cc)
- Bulk density (g/mL)
- Percent recovery
- Penetrometer
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Figure 16-7. Sample and Analysis Flowsheet for Single-Shell Tank C-106.
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The bulk density will be obtained by dividing the wefght of the
segment by the volume of the segment so that:

Bulk Density = Weight of Segment
Volume of Segment

The percent recovery can be determined by dividing the volume of
material actually collected in the sampler by the volume expected
from a particular segment and then multiplying by 100.

Percent Recovery = Liquid Volume + Solid Volume x 100 %
Expected Volume

A color photograph documenting the extruded segment will be taken
oa after completely extruding the entire segment.

Step 4--If the sample contains more than 25 mL of drainable liquid,
the liquid should be analyzed separately from the solids.

If the liquid is <25 mL, then, it must be determined whether the
limited quantity of liquid is actually NPH will be made. If the
small quantity (<25 ml) of liquid is resolved to be NPH, then it
should be drained off and analyzed by GC to determine if any organic

n compound other than NPH is present. If the drained NPH is highly
colored then an acid digestion shall be prepared and analyzed for
iCP, GEA, and total alpha. The NPH should not be discarded unless
until directed by TWCT personnel. If the small quantity of liquid
is not NPH, it should be retained with the sample for eventual
homogenization. Proceed to Step 7.

N4 If the amount of drainable liquid is greater than 25 mL, then
proceed to Step 5.

0'
Step 5--Separate the drainable liquid from the solids by allowing
the liquid to drain into a clean, plastic bottle. The liquid may be
drained from the extrusion tray or through a coarse, inert
(stainless steel, glass, or Teflon) filter that will permit the
solids to be recovered without significant losses. The solids are
to be retained in the extrusion tray for further subsampling and
analysis.

* Step 6A--The weight, volume, and density are determined on the
liquid.

* Step 6B--Sometimes NPH from the drilling is trapped in the sampler.
GC analysis, immiscibility test, and density measurement are used to
determine if it is NPH. If the liquid is NPH, analyze it by GEA,
ICP, and total alpha to evaluate if it is significantly contaminated
with waste. Also, record its color. If its density indicates it is
some other organic save for ignitibility testing.
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" Step 6C--Prepare a liquid core composite from the liquids from each
segment. If the volume is small (25 to 50 ml) and found in only one
or two segments, composite the liquids proportionately with the
solid composite and homogenize before subsampling.

* Step 6D--If a liquid core composite is prepared, analyze for the
same analytes as the solid core composite as shown in Table 15-1.

* Step 7--While the core is unhomogenized and still in the extrusion
tray, either randomly remove -40 g of sample from every 4 to S in.
of the segment (enough [160-200 g] to make two core composites to
perform limited chemical analyses, and segment archive) for the
entire length of the segment or split the sample lengthwise into a
portion for rheology and a portion for composites. This should be
done in a manner that disturbs the physical nature of the waste as
little as possible and fast enough that segments do not dry
significantly. The random or split sample is transferred to a glass
jar for homogenization (Step 9).

* Step 8--The remaining unhomogenized segment material is then
subsampled for particle size, rheologic properties, settling
velocities, weight percent solids, VOA, DSC, and thermal gravimetry
according to procedures indicated for each analysis in Table 15-2.
Subsamples also will be taken to perform all of the physical
measurements listed in Table 15-3.

" Step 8A--Some of the unhomogenized subsamples will have to be
archived because the procedures or technology are not currently
available onsite.

* Step 9--Homogenize the solids from Step 8 using procedure T046 at
222-S Laboratory and procedure PNL-ALO-135 at the 325 Laboratory.

* Step 10--The homogenized segment shall be subsampled to perform a
fusion dissolution GEA, and "Sr and ICP analyses as well as weight
% water.

* Step 11--Approximately 50 g of each homogenized segment should be
archived in a sealed glass jar for future analytical studies.

* Step 12--Determine if the segment is to be used for a homogenization
test. Two segments per core from this tank will be used for a
homogenization test unless problems are encountered during
homogenization.

* Step 13A--If a homogenization test is to be done, take one 3-to-5-g
subsample from opposite locations of the homogenized segment
(two subsamples).

* Step 13B--Prepare duplicate 1-g aliquots of the subsamples (through
the acid digestion) analyses for ICP, GEA, 9Sr, and total alpha
using the same procedures identified for acid digestion listed in
Table 15-1.
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* Step 14--When all the segments have been either subsampled for core
composites (rheology segments) or homogenized, the core composites
can be built.

* Step 15--Using portions of the homogenized segments from Step 10,
build-two core composites for each core. Identify and report all
segments and weights used to make the composites. (See Section 16-1
for a discussion of core compositing.)

* Step 16--Homogenize each of the core composites.

* Step 17--Perform duplicate analyses for all the parameters
identified in Table 15-1 for each core composite.

* Step 18--Archive 200 to 300 g of remaining segments for analysis
verification and performance assessment parameters.

Figure 16-8 depicts the allocation of the core samples for SST C-106.

16.2.2.2 Core Sample Utilization for Single-Shell Tank C-106. Tables 6-12
-- through 6-16 look at sample utilization, the impact of partial recovery, and

sample quantity requirements for SST C-106. These tables are intended to help
N. develop analysis strategies when partial segments are received.

M Table 16-12 estimates the amount of prehomogenized segment sample used

for SST C-106. Rheological properties will be determined for each segment.
A maximum and minimum quantity of sample needed is estimated. The maximum is
based on large sample sizes, full quality control, and sufficient sample for
reruns. The minimum is based on smaller samples, and reduced quality control
and rerun requirements. The basis for the numbers is provided. For example,
5S + 5D + 1OMSD + 1ORR means 5 g for sample + 5 g for duplicate + 10 g for
matrix spike duplicate + 10 g for reruns. Use of the maximum sample size and
QA requirements consume the entire segment. Therefore, minimum sample sizes
and QA will be required for this tank. Approximately 94 g of segment sample
will remain to build core composites.

0' Table 16-13 estimates the amount of homogenized subsample that will be
required to perform limited chemical analyses. Only a limited number of
fusion dissolution analyses will be performed on a segmental basis.

Table 16-14 estimates the amount of sample needed for completing the
analysis on a single core composite. Since two core composites must be made
for each core, the values required for compositing (listed as the first
subtotal) must be doubled. The remaining analyses and-archives only require
one quantity per core.

Table 16-15 estimates the volume of water-digested sample needed to
complete the analysis. This estimate indicates that the digestion procedure
should be changed from 1 g in 100 of mL water to 2 g in 200 mL of water. This
allows larger sample sizes and better detection limits.

Table 16-16 estimates the amount of sample remaining in each segment for
compositing samples with different percent recoveries. The total quantities
that could be composited are estimated for four segments per core using only
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Table I6-12. Prehonogenized Sample Utilization (C-106).

Task Performed Max (g) Min (g) Balance Basis
(g)

Extrude Segment 0 0 234 180mL x 1.3 g/mL

Portion for DSC 3 2 231-233 3 phases x Ig (Minimum of
2 per Segment)

Portion for 1 1 230-232 Random Ig
Particle Size

Portion for Bulk 0 0 230-232 Calculations for weight
Density and volume

Portion for 120 65 110-167 9OmL and 50mL samples
Rheology

Portion for VOA 30 12 80-155 SS + 5D + 1OMSD + 1ORR 2S
+ 2D + 4SD + 4RR

Transfer Loss 24 12 56-143 5% - 6g, 10% - 12g

Portion for 7 5 49-138 See Table 16-
Chemical
Analysis

Portion for 6 4 43-134 2S + 2D + 2RR
Homog. Test 2S + 2D

Thermo-Physical 30 30 13-114
Tests

Portion for 75 20 0-94 Full basecase segment
Segment Archive archive.

Amount Remaining - - 0-94
for Core
Composites

[Total g Used 296 140
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Table 16-13. Estimate of Segment Sample Utilization (C-106).

16-39

Rheolog Core

Analysis Maximum Minimum Max Basis
Performed Used Used Min Basis

Fusion Same as ICP Acid
Dissolution 6 4 0.25S + 0.250 + 0.5RR

ICP 1 1 0.25S + 0.25D + 0.5RR
Rads

Total Segmen7
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Table 16-14. Estimate of Core Composite Sample Utilization (C-106).

Analysis CC CC Basis (Max)
Max. Min. Basis (Min)
x(g) I (B) M

Acid Digestion # 1 6 4 iS + 1D + 2MSD + 2RR
(ICP) IS + 1D + 1MS + 1RR
Acid Digestion # 2 6 4 Same as ICP
(GFAA)

Direct As, Se (HYAA) 3 2 (0.25S + 0.25D + 0.5MSD + 0.5RR) (2)
CVAA 2 1 .2S + .2D + .4MSD + .4RR
(Hg) - . I
Water Digestion # 1 8 6 2S + 2D + 4RR
(IC, NH3, TOC, ICP, 2S + 2D + 2RR
Rads)
Water Digestion # 2 10 8 2.5S + 2.5D + 5.ORR
(pH, Corrosivity) 2.5S + 2.5D + 2.5RR
Fusion Portion 1 1 0.255 + 0.25D + 0.5RR
(Rads, ICP) _ 0.25S + 0.25D + 0.25RR
Direct Anions
CN" Portion (Macro) 6 4 IS + 1D + 2MSD + 2RR

(Micro) 2 1 0.2S + 0.2D + 0.4MSD + 0.4RR
S-Z Portion 2 2 Same as Micro CN~

Wt% H20 4 3 1S + 1D + 2RRIS + 1D + 1RR
DSC/TGA 1 1 0.1S + 0.1D + 0.2RR (a)
Subtotal 51 36

x 2
102 72

Semi-VOA 50 20 5S + 5D + IOMSD + 1ORR
5S + 5S + 5MS + 5RR

EOX 12 8 2S + 2D + 4MSD + 4RR
2S + 2D + 2MS + 2RR

Subtotal 164 100

TCLP 20 10 10S + 100 or RR
11S

Subtotal 184 110

Analysis Archive 75 20 Same as Basecase Archive

Subtotal 259 130

PA Archive 150 100 Performance Assessment Tests
(Duplicates)

Total 409 230

CC = Core Composite
(a) = Lowest estimate is rounded to 1 g
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Table 16-15. Water Digestion Sample Utilization (C-106).

Analysis Water Water Basis
Maximum Minimum (Maximum, mL)

mL mL (Minimum, mL)

IC 8 6 IS + 1D + 5PS + 1RR
0.25S + 0.25D + 5PS + 0.2RR

Carbonate 1 1 0.2S + 0.2D + 0.2PS + 0.2RR
0.25 + 0.2D

Ammonia 15 6 5S + 5D + 5RR
2S + 2D + 2RR

TOC 8 6 IS + 1D + 5PS + 1RR
0.25S + 0.25D + 5PS + 0.25RR

ICP 80 50 20S + 20D + 20PS + 20RR
10S + 10D + 20PS + 1ORR

C-14 40 20 lOS + 10D + 1OPS + 1ORR
55 + 5D + 5PS + 5RR

H-3 40 20 10S + lOD + lOPS + IORR
55 + 5D + 5PS + 5RR

Total 192 mL 109 mL

PS - post adjustment spike
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Table 16-16. % Recovery Sensitivity Study for SST C-106.

% Recovery Min Rheology

234 x f,-140 4 Min

100 94 376

90 71 284

80 47 188

70 24 96

60 0 0

50 0 0

40 0 0

30 0 0

20 0 0

ca) No VOA Analyses
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minimum posthomogenization sample sizes because maximum sample sizes did not
leave any sample for compositing. The amount of available sample is dependant
upon the percent recovery. The PA archive sample will not be attained from
this tank due to the limited amount of sample. If under an 80% core recovery
is achieved, then an insufficient amount of sample will be available to
perform a full core composite characterization on two composites per core. In
this circumstance, only one core composite per core will be built to enable a
full characterization to be performed on that single core. This decision will
be made by Tank Waste Characterization Technology in conjunction with the OSM.

16.2.3 GAS GENERATING TANKS (T-110)

One gas generating SST, T-110, is planned to be sampled during the next
ten SSTs. Three cores are expected to be obtained from this SST.

16.2.3.1 Sample and Analysis Scheme for Single-Shell Tank T-110. A flowchart
depicting the sampling and analysis scheme for SST T-110 is presented in
Figure 16-9. The individual steps shown in Figure 16-9 are described in
detail as follows:

* Step 1--Tank Farm operations will obtain one core from three
different risers in SST T-110 using procedure TO-020-450, "Perform
Core Sampling." One field blank will be taken by preparing a
sampler, as normal, using any necessary sealants but filling it in
the field with deionized water from the laboratory.

* Step 2--The decision to ship core samples to laboratory 325 or
222-S, will be made by the OSM before initiation of the particular
sampling event. Core samples will be transported to the
laboratories in accordance with procedure TO-080-090, "Ship Core
Samples."

* Step 3--Samples will be received, broken down, and extruded at each
laboratory using the procedures shown in Table 14-1. The visual
observations will be recorded on a SST Extrusion Logsheet. (A copy
of this logsheet is presented in Figure 16-2.) The visual
observations will include a sketch of the extruded core and such
pertinent descriptive information as color, texture, homogeneity,
and consistency. The physical parameters identified on the
extrusion logsheet will be measured and recorded. The physical
parameters listed include:

Drainable liquid

- Volume of liquid in liner (mL)
- Weight of liquid in liner (g)
- Volume of liquid in sampler (mL)
- Weight of liquid in sampler (g)
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Bulk solid

- Weight of segment (g)
- Length of segment (in.)
- Length of segment (cm)
- Diameter of segment (cm)
- Volume of segment (cc)
- Bulk density (g/mL)
- Percent recovery
- Penetrometer

The bulk density will be obtained by dividing the weight of the
segment by the volume of the segment such that:

Bulk Density = Weight of Segment
Volume of Segment

The percent recovery can be determined by dividing the volume of
material actually collected in the sampler by the volume expected
from a particular segment and then multiplying by 100.

Percent Recovery = Liquid Volume + Solid Volume X 100
Expected Volume

A color photograph documenting the extruded segment will be taken
after completely extruding the entire segment.

Step 4--If the sample contains more than 25 mL of drainable liquid,
the liquid should be analyzed separately from the solids.

If the liquid is <25 mL, then it must be determined whether the
limited quantity of liquid is actually NPH will be made. If the
small quantity (<25 mL) of liquid is resolved to be NPH, then it
should be drained off and analyzed by GC to determine if any organic
compound other than NPH is present. If the drained NPH is highly
colored then an acid digestion shall be prepared and analyzed for
ICP, GEA, and total alpha. The NPH should not be discarded unless
until directed by TWCT personnel. If the small quantity of liquid
is not NPH, it should be retained with the sample for eventual
homogenization. Proceed to Step 7.

If the amount of drainable liquid is greater than 25 mL, then
proceed to Step 5.

Step 5--Separate the drainable liquid from the solids by allowing
the liquid to drain into a clean, plastic bottle. The liquid may be
drained from the extrusion tray or through a coarse, inert
(stainless steel, glass, or Teflon) filter that will permit the
solids to be recovered without significant losses. The solids are
to be retained in the extrusion tray for further subsampling and
analysis.
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* Step 6A--The weight, volume, and density are determined on the
liquid.

* Step 6B--Sometimes NPH from the drilling is trapped in the sampler.
GC analysis, immiscibility test, and density measurement are used to
determine if it is NPH. If the liquid is NPH, analyze it by GEA,
ICP, and total alpha to evaluate if it is significantly contaminated
with waste. Also, record its color. If its density indicates it is
some other organic save for ignitibility testing.

* Step 6C--Prepare a liquid core composite from the liquids from each
segment. If the volume is small (25 to 50 mL) and found in only one
or two segments, composite the liquids proportionately with the
solid composite and homogenize before subsampling.

a Step 6D--If a liquid core composite is prepared, analyze for the
same analytes as the solid core composite as shown in Table 15-1.

04 * Step 7--Every other segment from the first core obtained from each
SST will be used for extensive physical rheologic measurements. If

CNI a segment is chosen for rheological examination, then proceed to
Step 8; otherwise, continue with Step 9. Incomplete core recovery

CM on other factors may require these segment selections to be changed.
These segments are chosen to provide rheology information for waste
at different depths in the tank. If incomplete segments are
obtained, Section I6.1 should be consulted for guidance on how to
use the sample and the change in plan discussed with OSM and Tank
Waste Characterization Technology.

N * Step 8--While the core is unhomogenized and still in the extrusion
tray, either randomly remove -30 g of sample from every 4 to 5 in.

C% of the segment (enough [120-150 g] to make 2 core composites and
segment archive) for the entire length of the segment or split the
sample lengthwise into a portion for rheology and a portion for
composites. This should be done in a manner that disturbs the
physical nature of the waste as little as possible and fast enough
that segments do not dry significantly. The random or split sample
is transferred to a glass jar for homogenization (Step 10).

* Step 8A--The remaining unhomogenized segment material is then
subsampled for particle size, rheologic properties, settling
velocities, weight percent solids, DSC, and thermal gravimetry
according to procedures indicated for each analysis in Table 15-2.

* Step 9--If the segment is not used for rheology, take subsamples for
VOA and a limited number of physical tests. The required physical
tests are weight percent solids, DSC, and thermal gravimetry. The
procedures for these analyses are listed in Table 15-2. Randomly
sampled aliquots are collected from the length of the core until
about 10 g are obtained for VOA. These should be collected and
sealed as soon as possible after extrusion. A similar procedure is
used to obtain 1 to 3 g for particle size. Differential scanning
calorimetry samples should not be combined. Choose a small (-0.5 g)
sample from each distinctive region of the segment. Attempts should
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be made to run the DSC on different phases based on visual
observations with the objective of locating concentrated areas of
potentially exothermic materials. Thermal gravimetric analysis
should be performed on these same portions to estimate water content
and to support DSC analysis evaluations. Because of problems
keeping radioactive VOA samples cooled, these samples will be
analyzed as quickly as possible.

* Step 10--Homogenize the solids from Step 9 or the random/ split
sample from Step 8 using procedure T046 at the 222-S Laboratory and
procedure PNL-ALO-135 at the 325 Laboratory.

* Step 11--A sufficient aliquot will be obtained to perform fusion a
dissolution GEA, and "Sr and ICP'metals analyses.

* Step h1A--Approximately 50 g of each homogenized segment should be
archived in a sealed glass jar for future analytical studies.

* Step 12--Determine if the segment is to be used for a homogenization
CV test. Every other segment from the second (nonrheologic) core will

be used for a homogenization test or at least two homogenization
NV tests for this tank. The frequency of the homogenization tests

should be increased if problems homogenizing samples are
encountered.

LI)
* Step 13A--If a homogenization test is to be done, take one 3-to-5-g

subsample from opposite locations of the homogenized segment
(2 subsamples).

* Step 13B--Prepare duplicate 1-g aliquots of the subsamples (through
C'% the acid digestion) analyses for ICP, GEA, and total alpha using the

same procedures identified for acid digestion listed in Table 15-1.

* * Step 14--When all the segments have been either subsampled for core
composites (rheology segments) or homogenized, the core composites
can be built.

* Step 15--Using portions of the homogenized segments from Step 10,
build two core composites for each core. Identify and report all
segments and weights used to make the composites. (See Section 16-1
for a discussion of core compositing.)

* Step 16--Homogenize each of the core composites.

a Step 17--Perform duplicate analyses for all the parameters
identified in Table 15-1 for each core composite.

* Step 18--Archive 200 to 300 g of remaining segments for analysis
verification and performance assessment parameters.

Figure 16-10 depicts the sample allocation scheme for analysis of -

SST T-110.
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16.2.3.2 Core Sample Utilization for Single-Shell Tank T-110. Tables 6-17
through 6-22 look at sample utilization, the impact of partial recovery, and
sample quantity requirements for SST T-110. These tables are intended to help
develop analysis strategies when partial segments are received.

Table 16-17 estimates the amount of prehomogenized segment sample used
and remaining for cores in which (1) rheology samples are taken and (2) no
rheology is performed. A maximum and minimum quantity of sample needed is
estimated. The maximum is based on large sample sizes, full quality control,
and sufficient sample for reruns. The minimum is based on smaller samples,
and reduced quality control and rerun requirements. The basis for the numbers
is provided. For example, 55 + SD + 1OMSD + 1ORR means 5 g for sample + 5 g
for duplicate + 10 g for matrix spike duplicate + 10 g for reruns. Obviously,
cores used for rheology require the most samples. For the cores without
rheology, the VOA consumes the most sample.

Table 16-18 estimates the amount of segment sample that needs to be
archived. Since the analysis of semi-volatile organics and TCLP testing will
probably not be required on segments, archive samples of 15 to 30 g should be
adequate for most chemical and radiochemical tests.

Table 16-19 estimates the amount of segment sample utilization for
chemical analyses.

Table 16-20 estimates the amount of sample needed for completing the
analysis on a single core composite. Since two core composites must be made
for each core, the values required for compositing (listed as the first
subtotal) must be doubled. The remaining analyses and archives only require
one quantity per core.

Table 16-21 estimates the volume of water-digested sample needed to
complete the analysis. This estimate indicates that the digestion procedure
should be changed from 1 g in 100 mL of water to 2 g in 200 mL of water. This
allows larger sample sizes and better detection limits.

Table 16-22 estimates the amount of sample remaining in each segment for
compositing samples with different percent recoveries for rheologic cores and
nonrheologic cores. The total quantities that could be composited are
reported for maximum and minimum posthomogenization sample sizes. The amount
of available sample is dependant upon the percent recovery. Table 16-23
indicates that there is sufficient sample full core composite
characterization (on a minimum sample-size basis) for all percent recoveries
greater than 50.

16.3 DATA REPORTING

Data reporting requirements are according to the statement of work for
each laboratory. The data reporting (Section 11.7), has been modified to
reflect recent revisions to the Tri-Party Agreement (Ecology et al. 1989).
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I_ _ Rheology Core No rheology Core I

Task Performed Maximum Minimum Balance Maximum Minimum Balance Basis
Used Used Range Used Used Range

1 (g) 1 (g) (g) (g) (g) I (g)

Extrude Segment 0 0 234 0 0 234 180mL x 1.3 g/mL

Portion for DSC 3 1 231-233 3 1 231-233 3 phases x 1g

Portion for 1 1 230-232 1 1 230-232 Random 1g
Particle Size

Portion for 0 0 230-232 0 0 230-232 Calculations for weight
Bulk Density I and volume

Portion for 120 65 110-167 0 0 230-232 90mL and 50mL samples
Rheology

Portion for VOA 0 0 110-167 30 12 200-220 5S + 5D + 1OMSD + 1ORR 25
+ 2D + 4SD + 4RR

Transfer Loss 24 12 86-155 24 12 176-208 5% = 12g, 10% = 24g

Portion for 0 0 86-155 6 4 170-204 2S + 2D + 2RR
Homog. Test I 2S + 2D

Portion for 7 5 79-150 7 5 163-199
Chemical Test

Portion for 30 14 49-136 75 20 88-179 No TCLP, Semi-VOA or EOX
Seg. Archive on Rheology

Amount - 49-136 - - 88-179
Remaining for
Core Composites _F
Total g Used 185 98 146 55 I

MSD = Matrix Spike Dulicate
RR = Rerun

Seg. = Segment
Homog. = Homogenization

S = Sample
0 = Duplicate
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TAbiP IR-1A

Table 16-19.

EstimatA nf Segment )un~It~7~in(-1l

Estimate of Segment Archive Sample Utilization.

16-51
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Rheology Core

Analysis Maximum Minimum Max Basis
Performed Used Used Min Basis

(g) Il(g)

Fusion Same as ICP Acid
Dissolution 6 4 0.25S + 0.25D + 0.5RR

ICP 1 1 0.25S + 0.25D + 0.5RR
Rads

Total Segment 7 5

Analysis Segment Amount Basis
Maximum Minimum

ICP/Acid 6 2 IS + 10 + 2MSD +2RR
IS + 10

Anions/Water 4 2 IS + 10 + 2RR
is + 1D

Rads/Fusion 1 1 0.25S + .25D + 0.5RR

pH/Corrosivity 5 5 2.SS + 2.5D

GFAA/Acid 6 2 Same as ICP

CVAA/Hg 2 1 0.2S + 0.2D + 0.4MSD + 0.4RR
0.2S + 0.2D

Cyanide 6 1 1.0S + 1.0D + 2.OMSD + 2.0RR
(Large Dist.)
0.2S + 0.2D + 0.4MSD
(Micro Dist.)

Subtotal 30 14

Semi-VOA 30 6 5.OS + 5.0D + IOMSD + 1ORR
2.05 + 2.OD + 2MSD

TCLP 10 0 10S

EOX 5 0 5S

Total 75g 20g
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Table I6-20. Estimate of Core Composite Sample Utilization (T-110).

Analysis CC CC Basis (Max)
Max. Min. Basis (Min)
(q) I(q)

Acid Digestion # 1 6 4 IS + 1D + 2MSD + 2RR
(ICP) 15 ID + iMS + 1RR
Acid Digestion # 2 6 4 Same as ICP
(GFAA)
Direct As, Se (HYAA) 3 2 (0.25S + 0.25D + 0.5MSD + 0.5RR) (2)
CVAA 2 1 .2S + .2D + .4MSD + .4RR
(Hg)

Water Digestion # 1 8 6 2S + 2D + 4RR
(IC, NH3, TOC, ICP, 2S + 2D + 2RR
Rads)
Water Digestion # 2 10 8 2.5S + 2.5D + 5.ORR
(pH, Corrosivity) 2.5S + 2.5D + 2.5RR
Fusion Portion 1 1 0.25S + 0.25D + 0.5RR
(Rads, ICP) ?6 ?4 0.255 + 0.25D + 0.25RR
Direct Anions
CN- Portion (Macro) 6 4 IS + 1D + 2MSD + 2RR

(Micro) 2 1 0.2S + 0.2D + 0.4MSD + 0.4RR
S-2 Portion ?6 ?4 ?Same as Macro CNr
Wt% H20 4 3 IS + 1D + 2RR

IS + 1D + 1RR
DSC/TGA 1 1 0.1S + 0.1D + 0.2RR (a)
Subtotal 61 '43

x 2
- 122 86

Semi-VOA 50 20 5S + 5D + 1OMSD + 1ORR
5S + SS + 5MS + 5RR

EOX 12 8 2S + 2D + 4MSD + 4RR
2S + 2D + 2MS + 2RR

Subtotal 184 114

TCLP 20 i loS + lOD or RR

Subtotal 204 124
Analysis Archive T 75 20 Same as Segment Estimate
Subtotal 279 144
PA Archive .150 100 Performance Assessment Tests

I _ I (Duplicates)
Total 429 244

CC = Core Composite
(a) = Lowest estimate is rounded to 1 g
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Table 16-21. Water Digestion Sample Utilization (T-110).

Analysis Water Water Basis
Maximum Minimum (Maximum, mL)

mL mL (Minimum, mL)

IC 8 6 1S + 1D + 5PS + IRR
0.25S + 0.25D + 5PS + 0.2RR

Carbonate 1 1 0.2S + 0.2D + 0.2PS + 0.2RR
0.2S + 0.20

Ammonia 15 6 55 + 5D + 5RR
2S + 2D + 2RR

TOC 8 6 1S + 1D + 5PS + lRR
0.25S + 0.25D + S5PS + 0.25RR

ICP 80 50 20S + 20D + 20PS + 2ORR
10S + 1OD + 20PS + 1ORR

C-14 40 20 10S + 100 + 1OPS + 1ORR
55 + 5D + 5PS + 5RR

H-3 40 20 10S + 10D + 1OPS + 1ORR
5S + 5D + 5PS + 5RR

Total 192 mL 109 mL I

PS - post adjustment spike
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Table 16-22. % Recovery Sensitivity Study for SST T-110.

% Min Rheology Min No Rheology
Recovery1

R v 2234 x 8 Max 8 Min 234 x fR- 146  8 Max 8 Min
185234 x f -5

234 x f.-98 I___ I___ I _________ _ _ ___

100 49 392 1088 88 704 1432
136 _______ 179 _ __

90 27 216 896 65 520 1248
112 ____ ___ 156 ____ ___

80 2 16 712 41 328 1056
899 _______ 132 ____ ___

70 0 0 528 18 144 864
65 108

60 0 0 336 0 0 680
__ __ __ _42 _ _ _ _ _ _ 85 _ _ _ _ _ _ _

50 0 0 152 0 0 496
19 62

40 0 0 0 0 0 312
__ _ _ _ _0 _ _ _ _ _ _ 39 _ _ _ _ _ _ _

30 0 0 0 0 0 120
0 15

20 0 0 0 0 0 0
0 _ _0 _ _ _ _ _
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CORE SAMPLING DATA SHEET

Tank: Riser: Date:
Weight Wei ht Encoderat Indct dhy0 Qu. ncdera ISample. tanducer Latchcontrol ansucer bottom of the Calculate Actuator Calculate lydro bydicathdrliqui boder at Radeton ExpectedSampiler. attop unit attopwith drillstring encoder a hydroliquid I'uid lv transducebh Lt futsample ao nmpecask without empty lengths length required added_. samp er length samples 0 C sample % MAN counter ofH ON UP DIG MAN (mrads)

SAMPLER

RLU
SAMPLER

RLU E

SAMPLER

RLU

SAMPLER

RLU

SAMPLER

RLU

SAMPLER

RALE

SAMPLER

RLU

SAMPLER

RIU

SAMPLER

RLUSAMPLER

Drill rod to riser distance:
Comments:

PW-3095 - 1

Figure B- 1. Core Sampling Data Sheet.
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CHAIN OF CUSTODY RECORD

Shipment number Date Sample number

Tank Riser Segment Cask serial number

Radiation survey data: Shipment description:
Field Laboratory

r Over top dose rate

Side dose rate

Bottom dose rate

Smearable contamination
(alpha) (alpha)

Expected sample length:
(beta-gamma) (beta-gamma)

Information: (include statement of laboratory tests to be performed')

*Reference laboratory work request, if available.

Pointof org in: Sender name and signature: Date and time released: Destination: Recipient name and signature: Date and time received;

Seal intact upon receipt? Seal data consistent with this record?

Shipment number Samplenumber

Yes No Yes - No Yes No

*sSS3O$S*~m

Figure B-2. Chain-of-Custody Record.
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Figure B-3. Sampling Procedure. (Sheet 1 of 7)
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lic Service Shielded
Platform Receiver

er (not shown)

Gas Motor

Modified Model 34
Longyear Core
Drilling Rig

Rotary
Platform
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Hydraulic
Leveling Jacks
( Five ) * Clean
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ble Length Counter
Electrical
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Siring Washer And Wiper Assembly
(seal to atmosphere)

Tank Riser
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Figure B-3. Sampling Procedure. (Sheet 2 of?)
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" Sampler lowered to the bottom of
drill string

" Locked into core barrel

- Remote latch unit withdrawn

Figure B-3. Sampling Procedure. (Sheet 3 of 7)
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Drill String

Core Barrel ---

Sample Piston
Pull Rod
And Pintle

Quadralatch
Assembly

Sample Actuator
- Grapple Assembly

Figure B-3. Sampling Procedure. (Sheet 4 of 7)
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Sample
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Shear

Level Piston

- Rotary
Body

Drill Bit

Actuator
Assembly

in

Valve
N

I-

- Drill string driven (either pushed
or rotated)

* At 19 in., rotary valve rotates
to closed position

* Grapple is raised. Pull rod-shear
pin shears at 40 lb force

- Sample is now enclosed and
remains locked at bottom of drill
string in core barrel

'Figure B-3. Sampling Procedure. (Sheet 5 of 7)
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Drill Unit

Quill Rod

Drill Core Barrel
String and Drill Bit

1

lit

Grapple Assembly
Counterweight

Grapple
Assembly

Quill Rod

Pull Rod

Drill String

- Pull rod raised into quill rod

* Quill rod detached

" Platform rotated to dispose
of pull rod

Rotary Valve
Body

Drill Bit

Figure B-3. Sampling Procedure. (Sheet 6 of 7)
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APPENDIX C

SINGLE-SHELL TANK DEVELOPMENT AND

IMPLEMENTATION TASKS

This appendix summarizes development tasks that are needed to improve single-shell tank (SST)

waste characterization capability. These tasks include the development and testing of new

technology, evaluation of existing techniques or analysis requirements, and implementation of

SW-846 methods. These developmental tasks are presented in groups based on the phase of sampling

and analysis that they affect. Future evaluations of the significance of each to the overall program

will result in a priority ranking of the tasks.

C.1 FIELD SAMPLING TASKS

C.1.1 Evaluate the need for refrigerated sample storage during sampling, transport, and laboratory

storage. The purpose of this task is to determine the impact of sample handling at ambient

temperatures. This task will become more important if significant quantities of volatile

organics are found in the waste. This is not expected because the waste has undergone heat

and aeration treatment during its storage. If volatiles are found, tests using spiked synthetic

waste could be used to evaluate loss of volatile materials. Development of homogeneous

organic waste standards may be a difficult part of this evaluation. A second aspect of this task

will be to evaluate the effect of waste storage time on water content and analyte
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concentrations. This will be done by measuring a known synthetic waste several times over a

period of time.

C.1.2 Evaluate the effect of the silicone grease used to lubricate sampler components on the

analysis of the waste. Contacting synthetic waste with the grease and evaluating what

organics from the grease are transferred through the organic extractions will allow

identification of organic components that are not originating from the sample and give more

accurate background estimates of the system. The development and use of a suitable "field

blank" will help quantify this potential problem. Field blanks are obtained by sampling

synthetic wastes at the tank location to identify contaminates that are a function of the

sampling and not the sample.

C.1.3 Evaluate the effect of the use of normal paraffin hydrocarbon (NPH) as hydrostatic seals for

the drill string on the subsequent analyses. The quantity of NPH contamination in the

sample needs to be determined. The seal material needs to be characterized by gas

chromatography/mass selective detector (GC/MSD) so that it can be easily identified as a

contaminant. The effect of NPH on the extraction of organics from the sample and on the

leaching procedures caused by coating of solids with organic needs to be evaluated. Tests

have been initiated using archived SST waste to evaluate the NPH extraction effects. Field

blank tests will permit estimation of the NPH contamination concentration.

C.1.4 Develop an improved sampler for hard saltcake. A sampler capable of penetrating hard

saltcake and hardened sludges and collecting samples needs to be designed, tested, and

implemented.
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C.1.5 Develop an improved sampler, drill bit, and core barrel for sampling the bottom 3 in. of waste

in a tank. This sampler must be able to collect samples at the bottom of a tank without

jeopardizing the integrity of the tank. The sampler must be designed, tested, and

implemented.

C.1.6 Determine the effect of using stainless steel equipment for the collection and preparation of

samples. Sample contamination by chromium or nickel from the steel is probably the major

concern of this task. Contamination levels using synthetic wastes without chromium or

nickel would give an indication of the stainless sampling equipment contributions to these

analyses. The implementation of a field blank program with the proper synthetic waste

materials will help monitor contamination problems from the sampling equipment. Iron,

chrome, and nickel measurements on synthetic wastes stored in the sampler for various times

will be performed to estimate the contamination level and affects of storage time. Determine

appropriate material for construction of samplers. Investigate using plastic or other

acceptable material. Investigate decreasing the unit cost of the sampler.

C.1.7 Complete the purchase and testing of the second sample truck. This task will permit more

expedient sampling of the tanks.

C.1.8 Evaluate improved methods for determining total waste volumes in a tank such as improved

in-tank photography, optical radar, and smart-system analysis.

C.1.9 Develop the ability to install new risers at different locations on a tank.

C.1.10 Develop better methods for detecting incomplete core segments in the field.
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C.2 LABORATORY SAMPLE BREAK-DOWN TASKS W

C.2.1 Develop an improved extrusion tray to permit easier collection of drainable liquid. The

present tray does not have a drain opening and requires difficult manipulations in the hot cell

to transfer drainable liquid to the collection vessel. A drain spout will be added to the tray to

simplify hot-cell collection of these solutions. Evaluate other hot-cell tools to expedite sample

extrusion and packaging in the hot cell.

C.2.2 Evaluate high shear homogenization equipment for segment and core composite mixing. The

mixing of SST waste, with the consistency of peanut butter, can challenge conventional

mixing equipment. Thorough homogenization is important to ensuring representative

sampling. High shear homogenizers made of stainless steel may provide a means of mixing

the waste more easily in a hot cell. These systems need to be tested on synthetic waste to

evaluate (a) mixing ability, (b) cleanability (cross-contamination), and (c) operability in a hot

cell. If successful, a system needs to be modified for hot-cell use, installed, and procedures

written.

C.2.3 Develop detailed homogenization and composite procedures. Systematic procedures for

preparing the waste composites need to be documented. The method includes defining

quantities to be composited, methods of storing, and methods of subsampling.

C.2.4 Develop small (10 to 20 g) sample archiving system and storage capability. Storage of large

quantities of highly radioactive waste is not possible because of limited hot-cell (shielded and

ventilated) space to reduce radioactive exposure to personnel. Small shielded storage areas

with proper ventilation need to be developed to permit storage of a large quantity of small

SST samples. These samples would permit disposal of the bulk of the sample but allow
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reanalysis of the sample for many components if required. Tests requiring large volumes of

sample could not be reanalyzed.

C.2.5 Determine minimum volume of drainable liquid that can be analyzed or blended back into the

solids.

C.3 LABORATORY ANALYTICAL TASKS

C.3.1 Chemical Methods

C.3.1.1 Develop microwave digestion equipment and procedures. Acid digestions for inductively

coupled plasma (ICP)/graphite furnace atomic absorption (GFAA) sample preparation require

1 to 2 h. The Environmental Protection Agency (EPA) is evaluating the acceptability of

microwave digestion systems that require only 10 to 15 min. The equipment needs to be set

up and an acid digestion matrix developed for SST waste. Data needs to be collected on actual

samples using both microwave and standard SW-846 techniques. If successful, a petition to

the Washington Department of Ecology (Ecology) to use the method would be prepared.

C.3.1.2 Evaluate ICP interelement effects from uranium, rare earth, zirconium, and other spectrally

rich components on elements (Pb, Cd, As, Se, Cr, Ba, and Ag) that are environmentally

important. Hanford Site waste may contain relatively large quantities of uranium, rare

earth, and other components that could interfere with the analysis of lead, cadmium,

chromium, and other environmental significant elements. The ICP equipment used for SST

analyses will be tested for interelement interferences from these and other potential Hanford

Site waste'components using standard techniques as described in SW-846.
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C..1.3 Implement SW-846 ICP digestion procedures in the 222-S Laboratory. This task involves

setting up digestion equipment, writing procedures, and training technologists in preparing

samples using this standard method.

C.3.1.4 Set up GFAA capabilities at the 222-S Laboratory. This task involves purchasing, installing,

and testing a new GFAA system. Standard SW-846 procedures need to be implemented and

personnel trained for routine operation.

C.3.1.5 Evaluate Westinghouse Hanford Company (Westinghouse Hanford) hydride atomic

absorption (HYAA) procedures for arsenic and selenium against SW-846 procedures.

Samples need to be analyzed using both techniques to show equivalency or superiority. This

requires setting up SW-846 procedures and evaluating them against existing methods. Data

will be documented for presentation to regulatory groups.

C.3.1.6 Develop reliable mercury analyses. Standard cold vapor atomic absorption (CVAA)

techniques have not provided reliable results for Hanford waste matrices. This task requires

the evaluation of a gold amalgam concentrator to reduce mercury interferences. If successful,

this system needs to be documented and compared to standard procedures.

C.3.1.7 Develop a sulfide method. Standard sulfide methods are not suitable for analysis of Hanford

waste matrices. A method to determine sulfide in solid samples without interference from

waste oxidants needs to be developed. If successfully developed, the comparison to SW-846

procedures will be performed and documented.
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C.3.1.8 Evaluate Cr(VI) methods. Three methods are identified in SW-846 for Cr(VI) analysis. The

most sensitive are the diphenylcarbizide colorimetric method and a flame atomic absorption

(FAA) method. Both these methods have potential interferences in SST matrices. These

interferences need to be evaluated and eliminated by procedure modifications if required. If

the standard methods are inadequate, ion chromatography (IC) or pulse polarography (PP)

techniques may need to be evaluated. If successfully developed, the comparison to SW-846

procedures will be performed and documented.

C.3.1.9 Evaluate Organic Screening Methods. Normal organic screening tests (e.g., TOC, TOX) give

limited information about the organic compound. They also may be insensitive to some

materials. Rapid solid extractions with gas chromatography (GC) analysis of extracts may

provide more complete information on the types of organics in SST without requiring full

GC/mass spectrometry detection (MSD) sample preparation and analysis procedures.

Screening tests for volatile and semivolatile organics are described in SW-846 and need to be

evaluated on SST matrices to determine if an indication of organic composition and levels can

be obtained. The determination of volatiles in SST waste is complicated by the sample

handling procedures. Small (<1 g) portions of a core segment (before homogenization) could

be taken and placed in a sealed vial. A standard headspace procedure in SW-846 would be

used to evaluate the level of volatile organics in the sample. If successful, this could be the

simplest method of evaluating the presence of volatiles in the waste. By repeating the

analysis after an extended time it could also be used to determine if other organics are

degrading to volatile components.

C.3.1.10 Develop a volatile organic sampling train (VOST) method for analyzing organics and

other components in the SST atmosphere above the waste. This method would require

developing procedures and equipment to quantitatively sample the atmosphere in a tank
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and concentrate it by trapping on chromatographic media or cryogenics before analyzing

by GC. The standard VOST technology would probably have to be modified because it was

designed for a dynamic incinerator system rather than static tank air sampling.

Successful implementation of the technology could (1) eliminate the questions concerning

sample integrity for volatile organics and (2) provide data on toxic gas evolution during

long-term storage of the waste.

C.3.1.11 Develop purge and trap and laboratory headspace capabilities for volatile organics at

Westinghouse Hanford laboratories. This requires setting up and testing equipment,

writing procedures, and training personnel.

C.3.1.12 Develop TOX capability for SST waste at the 222-S Laboratory. This requires setting up

and testing equipment, preparing procedures, and training personnel.

C.3.1.13 Develop PCB/Pesticide analysis capability at 222-S Laboratory. This requires setting up

and testing equipment, preparing procedures, and training personnel.

C.3.1.14 Evaluate the need for analysis of cyanide speciation (e.g., Fe(CN)6- 4) and develop

technology if needed.

C.3.1.15 Evaluate possible remote techniques for the hot cell, such as fiber-optic near infra-red

(NIR) spectroscopy and X-ray spectroscopy, that can be used to provide rapid vertical

heterogeneity information about a segment.

C.3.1.16 Evaluate methods such as IC for complexant and carboxylic acid determinations.
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C.3.1.17 Evaluate DNAAS for measuring fissile content of SST wastes.

C.3.1.18 If TGA must be used for weight percent water because of excessive exposure to personnel,

a comparison with large sample size gravimetric methods will be performed.

C.3.2 Radiochemical Methods

C.3.2.1 Test and implement uranium separation for alpha isotopic measurements at Westinghouse

Hanford. This procedure can be transferred from Pacific Northwest Laboratories (PNL).

Performance on SST wastes may need to be determined. Procedures need to be written and

technologists trained.

C.3.2.2 Same as Item C.3.2.1 except for thorium isotopes.

C.3.2.3 Same as Item C.3.2.1 except for 2 26 Ra and 228Ra.

C.3.2.4 Same as Item C.3.2.1 except for 21OPo.

C.3.2.5 Same as Item C.3.2.1 except for 210Pb.

C.3.2.6 Same as Item C.3.2.1 except for 79Se.

C.3.2.7 Same as Item C.3.2.1 except for 12 6Sn.

C.3.2.8 Same as Item C.3.2.1 except for 93 Zr.
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C.3.2.9 Same as Item C.3.2.1 except for 63Ni.

C.3.2.10 Same as Item C.3.2.1 except for 15 1Sm.

C.3.2.11 Develop a method for determining 59Ni. This may require the use of Auger electron

counting, X-ray counting, or MS of the separated nickel in the waste.

C.3.2.12 Develop a MS analysis method for the determination of 135Cs in SST wastes. This will

require a chemical separation of cesium and MS procedure for measuring 135Cs or 135Cs to

137Cs ratio. The PNL has some experience with this technology, but probably have not

applied it to SST matrices.

C.3.2.13 Develop and implement "hot" ICP/MS capability at PNL and Westinghouse Hanford.

This requires the purchase and modification of commercial ICP/MS equipment to contain

radioactive samples. Methods for rapid analysis of long-lived isotopes would be

developed. Technology to permit routine analysis of SST samples would be developed.

This would require the documentation of operational requirements, measurement

performance, and procedures.

C.3.2.14 Evaluate 13 7 Cs removal technology to improve trace analysis of other gamma emitters. If

detection limits for other gamma emitters such as 94Nb, 60Co, and 23 1Pa are too high

because of background, then a rapid method for removing Cs would be developed to

improve sensitivity for these isotopes. The method would be evaluated on actual samples

to determine the degree of improvement. Procedures would be written and implemented

if successful.
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C.3.2.15 Develop small volume tritium method. The Westinghouse Hanford methods for tritium

are based on large sample sizes. Modifications to the distillation equipment need to be

developed to optimize tritium recovery from small SST samples. Equipment needs to be

modified, tested, and the procedure performance documented.

C.3.2.16 Install low-background alpha counting systems for SST total alpha analyses at the

222-S Laboratory. Alpha counting systems with <1 c/min and high-beta tolerances are

needed to perform total alpha analyses at 10 nCi/g levels. This capability will help

eliminate lengthy separations for individual alpha isotopes such as 239Pu, 241Am, and

237Np.

C.3.2.17 Evaluate possible shielded remote radionuclide beta-gamma sensors that can be used to

obtain rapid vertical hetereogenity information about a segment.

C.4 PHYSICAL TESTING TASKS

C.4.1 Develop an alternate thermal output measurement capability. Thermal output of the waste

can be calculated from the isotopic content of the waste. If this calculation is inadequate,

microcalorimetry technology development may be required. This would involve the purchase

of a microcalorimeter and development of procedures applicable to SST waste. Since these

systems must measure small heat outputs, control of adiabatic conditions and sensitive

electronics can be critical. Other methods may need to be explored.

C.4.2 Develop thermal conductivity measurement. A system to measure thermal conductivity of

the waste needs to be developed. Large sample sizes required for standard methods may
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require the equipment to be adapted to hot-cell operation so that personnel exposure can be

minimized. Equipment needs to be developed, tested, and performance and procedures

documented. Technology from PNL may be transferable.

C.4.3 Develop hot-cell rheology systems for the 222-S Laboratory. Large sample sizes and high

exposure limit viscosity and rheology measurements outside of a hot cell. Remote rheology

systems need to be developed for use at the 222-S Laboratory. This task may require some

additional hot-cell modifications to accommodate the equipment. Equipment needs to be

installed, tested, and documented.

CA.4 Develop a Miller number measurement capability for abrasitivity measurement. Equipment

capable of being used in the hot cell needs to be evaluated, purchased, modified, and tested.

Performance and procedures need to be documented. Technology being developed at PNL will

be transferred.

C.4.5 Acquire a penetromete, capability at the 222-S Laboratory. Equipment needs to be

purchased, installed, and tested. Technology developed at PNL needs to be transferred,

Procedures need to be written.

C.5 WASTE CHARACTERISTICS TESTING TASKS

C.5.1 Implement a modified EP toxicity procedure in the 222-S Laboratory hot cell. Equipment

needs to be purchased, installed, and tested. Procedures need to be written and personnel

trained.
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C.5.2 Evaluate ICP standard addition results on EP toxicity extracts of SST wastes. Determine

affect of acetate matrix on calibration and backgrounds. Determine background levels of

EP toxicity methods in acetic acid. Optimize ICP conditions for analysis of EP toxicity

extracts.

C.5.3 Same as Item 3 for GFAA.

C.5.4 Same as Item 3 for mercury analysis.

C.5.5 Develop scaled-down reactivity test for SST samples containing >250 pg/g CN-. Requires

developing and testing of reactor and documentation of procedure. The scaled-down reactor

will reduce the exposure to personnel and minimize the generation of highly radioactive

laboratory wastes.

C.6 WASTE CRITERIA EVALUATION TASKS

C.6.1 Evaluate appropriateness of the toxic equivalent concentration (TEC) calculation to

designation of SST wastes. Although analysis of wastes does not provide chemical compound

information needed for TEC, it may be possible to used chemical equilibria to predict

compounds or worse-case compound scenarios to obtain estimates of waste classification.

C.6.2 Evaluate toxilogical properties of SST test results. Establish basis for evaluation.

Experienced toxicologists can look at the chemical components of waste and predict the effects

of the wastes on fish and animals. This evaluation will be used to help determine if further

biological testing is needed.
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C.7 GENERAL

C.7.1 Complete time, cost, and ALARA studies for SST waste characterization operations. This

work will allow the impacts of different sampling, preparation, and/or analysis schemes to be

quantified with respect to the affects on program schedule, cost, and dose to workers.

C.7.2 Develop data management and validation system for SST characterization. The SST

characterization program will generate large amounts of data. Computerized methods of

compiling and evaluating this data need to be developed which will minimize the data input

times. This will require defining data requirements for different users: laboratory,

performance assessment, process development, programmatic, and regulatory. Evaluation of

the data will include such things as material balance, charge balance, radionuclide balance

(total alpha versus individual total), and comparison to environmental limits or waste criteria

such as toxic equivalent concentration.

C.7.3 Request and attain agency approval of modifications to testing procedures. Some analytical

methods and sampling procedures will be different from SW-846 procedures. A system or

procedure for documenting these differences and the supporting data requirements that are

acceptable to Ecology needs to be developed. The supporting data requirements need to be

defined. This agreement will ensure data will be acceptable to support closure plans.

C.7.4 Develop laboratory control standards for SST-type matrices. No standard reference materials

are available for SST waste matrices. Synthetic standards will be developed to simulate

major waste forms (sludge, saltcake, liquid) to help evaluate analytical method performance.
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C.7.5 A SST Procedures Manual will be developed that contains Westinghouse Hanford procedures

for sampling and Westinghouse Hanford and PNL procedures for sample extrusion,

preparation, and analysis.

C.7.6 The requirements for performing biological testing to designate waste based on "Criteria"

methods will be evaluated for Phase II applications. This task will include determining

toxilogical factors to the reviewed including assessment for carcinogenicity.

C.7.7 Develop preliminary sorting criteria for tanks. Determine which tanks are candidates for

retrieval, in-place disposal, or cannot be categorized based on Phase I data. Such criteria will

be based upon comparative evaluations of various retrieval, pretreatment, treatment and

disposal technologies in terms of(1) long-term public health and safety, (2) environmental

protection, (3) short-term health and safety (public and occupational), (4) costs and

(5) schedule considerations.

C.7.8 Complete analysis of second set of archive samples at PNL. These analyses include trials of

EPA (SW-846) protocol procedures on archived waste samples, plus an initial evaluation of

the use of radionuclide ratios for estimating specific isotope activities.

C.7.9 Develop waste characterization criteria for retrieval, pretreatment, and treatment of SST

wastes, based upon technology identification and screening studies.

C.7.10 Develop glassware cleaning procedures and evaluate methods for handling HCI wastes from

inorganic metal analyses.
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C.7.11 Prepare a Quality Assurance Project Plan for SST waste characterization.

C.8 ADDITIONAL SAMPLING CONSIDERATIONS

C.8.1 Define the uses of vertical waste hetereogeneity information and the parameters of interest.

Develop methods for estimating the composition of missing core segment samples and

unsampled waste in the bottom of a tank.

C.8.2 Determine the consequences of using analytical results from composite samples.

C.8.3 Determine consequences of significant bias introduced by lack of randomization in sample

locations.

C.8.4 Implement the reference sampling plan on SSTs containing hard wastes.

C.8.5 Determine error in volume estimate of SST wastes.

01
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QUALITY ASSURANCE/QUALITY CONTROL

PROCEDURES

INTRODUCTION

The work performed for single-shell tank (SST) characterization is monitored under the

requirements specified by either the Westinghouse Hanford Company (Westinghouse Hanford) or the

Pacific Northwest Laboratory (PNL) quality assurance guidelines. The SST characterization is

performed by several groups within Westinghouse Hanford and PNL which operate under different

quality assurance plans (QAP). An integrated QAP for SST characterization is being developed. This

appendix identifies quality assurance/quality control (QA/QC) information from Westinghouse

Hanford and PNL sources that correspond to the requirements specified in the U.S. Environmental

Protection Agency (EPA) Interim Guidelines and Specifications for Preparing Quality Assurance

Project Plan (QAMS-005/80).

The Westinghouse Hanford laboratory QA plan is designed to meet the 18 major requirements

of NQA-1 as adapted for laboratories in ASTM Guide C1009-83, Establishing a Quality Assurance

Program for Analytical Chemistry Laboratories Within the Nuclear Industry. The PNL laboratory

QA Plan is designed to meet the EPA Contract Laboratory Program (CLP) requirements and is

organized according to the 16 major areas identified in the Interim Guidelines and Specifications for

Preparing Quality Assurance Project Plans (QAMS-005/80). These QA plans, based on the

recommendations of two different agencies, have several common elements as noted in Table D- 1.

The PNL Quality Assurance Project Plan (QAPP) matches the EPA guidelines, but addresses only
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CLP analytical requirements. The Westinghouse Hanford QAPP does not follow the EPA guidelines,

but contains most of the desired information. Because the Westinghouse Hanford QAPP does not

match the EPA guidelines, some of the SST QA information requested in the EPA QA guidelines are

summarized in the following sections.

PROJECT DESCRIPTION

The SST Waste Characterization Program is directed at characterizing the waste in the

149 SSTs at Hanford to meet requirements for regulatory control, process development for in-place or

retrieve options, and performance assessment of these options. The project requires core sampling of

the tanks and analysis of the samples for inorganic and organic chemicals, radionuclides, physical

properties, and waste characteristics. Specific details are described in this Waste Characterization

Plan (WCP).

PROJECT ORGANIZATION

The project requires the interface of many Westinghouse Hanford organizations and several

PNL organizations. The overall program is the responsibility of Westinghouse Hanford; however,

PNL will also provide analytical services, interlaboratory verifications, and performance assessment

of the data. An organizational chart showing the interaction and responsibilities of Westinghouse
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Hanford organizations is shown in Figure D-1. Present organizations are undergoing numerous

changes as a result of the recent Hanford consolidation. An Office of Sample Management (OSM) will

be set up in the future to coordinate sample analysis and data management activities.

QUALITY ASSURANCE OBJECTIVES FOR MEASUREMENT

DATA IN TERMS OF PRECISION, ACCURACY,

COMPLETENESS, REPRESENTATIVENESS,

AND COMPARABILITY

The QA objectives for each major measurement parameter for SST wastes will be defined. This

object will depend, to a certain extent, on the criteria developed for sorting the tanks for retrieval or

in-place disposal. The PNL laboratory has identified these objectives for their CLP work. The

Westinghouse Hanford Laboratory Measurements Control System (LMCS) sets precision and

accuracy limits for its analyses; but they are not specific to SST work. These limits are for most cases

established from historical performance data. The precision and accurady objectives are also a

function of the level of concentration for the parameter. If the project objective is near the detection

limits of the method, larger errors will be obtained. The objective for "completeness" is 100% valid

data from all the measurement systems; however, >90% is a more reasonable estimate. The

"representativeness" of the data will be better known after the reference sampling plan is completed.

This reference sampling plan will define the variability for the different SST characterization

operations. The completion of this plan will help define the objectives of the data measurements

systems.
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SAMPLING PROCEDURES

The SST sampling procedures have been described in Section 3.0 of this document and include

the forms used to document the sampling.

SAMPLE CUSTODY

The Chain-of-Custody procedure for field (tank farm) operations is described in the sampling

procedure and is shown in Figure B-2 of the WCP. Because of the high radioactivity, and solid and

high pH of the sample, no preseration techniques are used.

The samples received by the Process Chemistry Laboratories (PCL) are logged in on the form

shown in Figure D-2. The sample casks are tagged and sealed. After the sample is broken down,

portions are distributed to the ACSL, who track the sample and results using the analytical traveler

card shown in Figure D-3. Samples are handled according to routine standard operating procedures

for the laboratory. Samples will be shipped to PNL under a Chain-of-Custody procedure.
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CALIBRATION PROCEDURES AND

- FREQUENCY

Calibration procedures, including standards, are described in the applicable analytical

procedures. Depending on the analysis, standards are prepared by the Westinghouse Hanford Data

Measurement and Control group or purchased. Primary instrument control at Westinghouse

Hanford is under the Laboratory Instrument Calibration Control Board (LICCB), a function which

identifies the calibration necessary for a particular instrument. Calibrated instruments are tagged.

Calibration frequency is tracked by computer.

Analytical procedures are calibrated based on experience or judgment or when trends are

spotted by the LMCS computer program. Computer-controlled instrument calibrations are stored at

the computer; others are stored at the laboratory leader's office or location of records documented by

LICCB. The Instrument Calibration Record System (ICRS) tracks the calibration information.

ANALYTICAL PROCEDURES

Analysis of SST samples are performed according to written procedures. These procedures are

described in Section 5.0 of the WCP. When possible, EPA approved procedures are used; however,

modifications or different procedures than EPA are also identified in the WCP. Very few

radiochemical procedures are described in EPA documents. The procedures used by Westinghouse
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Hanford, PNL, and other laboratories are described in Section 5.0. The writing and control of

Westinghouse Hanford procedures is described in the laboratory's quality assurance plan.

DATA REDUCTION, VALIDATION,

AND REPORTING

After analyses are completed by a technologist at Westinghouse Hanford, the result is

transmitted to the laboratory leader for review and calculation, if not performed by the instrument.

The calculations are a part of each analytical procedure. The results are entered into the Laboratory

Customer Communication System (LCCS) which tracks the status of the samples and prepares

reports. Data is reviewed by the technologist, the laboratory leader, a supervisor, and sometimes the

chemist in charge of the procedure. The SST data in the ACSL report is further reviewed by the PCL

SST chemist before transmitting to the WTC organization. Additional calculations may be performed

on the data to correct for other sample treatment performed by PCL before submitting the data to

WTC. The data may also be examined for inconsistencies by checking the material balance, charge

balance, and cross checking results from different sample treatments. Data that is identified as

questionable will be checked to ensure data has been properly handled. If problems cannot be

explained, reanalysis will be requested.
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INTERNAL QUALITY CONTROL CHECKS

All the parameters analyzed by EPA methods will follow the QC protocols described in these

methods. The reference tank sampling plan identifies a 100% duplicate analysis frequency.

A replicate analysis frequency will be established based on the results of this study and will be high

enough to provide a statistical evaluation of the data. Replicate analysis results are tracked using

the "Referee" program in LMCS. The LMCS also provides standard control charts and identifies

outliers. Blanks are routinely run with each procedure. In addition, field blanks and sample

preparation blanks will be prepared and monitored. Radiochemical recoveries are monitored by one

of three methods: (1) spiking with a different isotope of the same element, (2) using a known quantity

of nonradioactive carrier, or (3) spiking a second portion of sample with the same isotope. Control

standards are analyzed on a routine frequency to monitor the performance of the technologist,

procedure, reagents, and instruments.

PERFORMANCE AND SYSTEM AUDITS

The analytical measurement systems at Westinghouse Hanford are audited internally by the

Data Management and Control Group (DMCG). In addition, the laboratory is also audited by the

Chemical Processing Quality Engineering organization. The SST characterization program is

further reviewed by the Environmental Quality Assurance organization. The DMCG reviews data

and measurement systems and reports problems to management.
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PREVENTIVE MAINTENANCE

Analytical instruments at Westinghouse Hanford are not under a formal routine preventive

maintenance (PM) program. Chemists oversee the operation and condition of equipment and are

responsible for ordering components and seeing that they are installed. Maintenance logs are

maintained for the major pieces of equipment. ,Spare parts are maintained for most major pieces of

equipment. In addition, the laboratory has an in-house instrument repair group which maintains a

supply of routine electronic parts. Calibration and instrument performance is checked following any

maintenance activity that may affect the data.

SPECIFIC ROUTINE PROCEDURES USED TO ASSESS

DATA PRECISION, ACCURACY, AND

COMPLETENESS

The specific statistical equations used to evaluate standards and referee data at Westinghouse

Hanford are contained in the LMCS computer program. Accuracy and precision are evaluated using

standards, duplicate analyses, and spiked samples. Control limits for procedures and measurements

systems are established from standards data. The LCCS computer program tracks the status and

degree of completion of analyses for samples.
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CORRECTIVE ACTION

If a specification limit can be defined for a parameter, the Westinghouse Hanford LCCS

program can be used to flag the analysis as being outside the expected limit and an "out-of-tolerance"

report can be issued for analyses not tracked by the LCCS system. If a standard or referee result is

outside of the established control limit, and "Off Standard Condition Report" is issued that must be

resolved by the immediate management or technical leader. Deficiencies found in outside audits by

the Data Management Control Group or Quality Engineering Chemical Processing Organization are

addressed by management. Audit responses are tracked by the Automated Tracking System (ATS)

program.

QUALITY ASSURANCE REPORTS

TO MANAGEMENT

Both the LMCS and LCCS programs generate periodic reports for management review. The

DMCG evaluates these reports and different analytical measurement systems and prepares reports

for management. Outside audits are reported to management for review and corrective action.
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734 Date Sample Point Chemist

Sample Identification Customer

Notebook Page CLU Identification Numbers

Comments AL Identification Numbers

Location and Disposition

735 Date Sample Point _ Chemist

Sample Identification Customer

Notebook Page CLU Identification Numbers

Comments AL Identification Nunibers

Location and Disposition

736 Date - Sample Point Chemist

Sample Identification Customer

Notebook _ Page CLU Identification Numbers

Comments AL Identification Numbers

Location and Disposition

737 Date Sample Point Chemist

Sample Identification Customer

Notebook Page CLU Identification Numbers

Comments - AL Identification Numbers

Location and Disposition

738 Date - Sample Point Chemist

Sample Identification . Customer

Notebook Page CLU Identification Numbers

Comments AL Identification Numbers

Location and Disposition

Figure D-2. Process Chemistry Laboratories Sample Receipt Log.
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Serial Number Sample Point Date Time Issued Priority

Determination Method and Standard Result Units Charge Code Reruns

Sample Size Customer Identification

Remarks. Calculations. Results.

Analyst I Analyst 2 Analyst 3 Analyst 4 Analyst 5

Hours Hours Hours Hours Hours

Date Time Completed Laboratory Unit Manager

Ps89.3095.0.3

Figure D-3. Laboratory Customer Communication System Sample Card.
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Table D-. Comparison of Contents for U.S. Environmental Protection
Agency and Nuclear Quality Assurance Quality Assurance Plans.

Contents EPA-QAMS-005/80 ASTM C-1009-83 NQA-1

1. Title Organization Organization

2. Table of contents Quality Assurance Quality Assurance
program program

3. Project description Training and qualification Design Control

4. Project organization/ Procedures Procurement Document
responsibility Control

5. Quality Assurance objec- Laboratory records Instructions, procedures,
tives (precision/accuracy) and drawings

6. Sampling procedures Control of records Document Control

7. Sample custody Control of equipment and Control of purchased
materials items and services

8. Calibration procedures Control of measurements Identification and control
and frequency of items

9. Analytical procedures Deficiencies and Control of process
corrective action

10. Data reduction, validation Inspection
reporting

11. Internal QC checks Test control

12. Performance and system Control of measuring and
audits test equipment

13. Preventative Handling storage and
maintenance shipping

14. Procedures to assess preci- Inspection, test, and
sion and accuracy and operation status
completeness

15. Corrective action Control of nonconforming
items

16. Quality Assurance reports Corrective action
to management

17. Quality Assurance records

18. Audits
PSTB9-3095.O1
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Table E- 1. Single-Shell Tank Waste Characterization Plan--Methods
and Detection Limits Key. (Sheet 1 of 16)

Parameter Type of constituent or property to be determined.

Analyte Specific constituent or property measured.

Composite type Composite type: segment, core, tank, or tank farm.

Waste fraction Fraction of waste analyzed:
D-directsample
DL--drainable liquid
A-acid-digested sample
W--water-soluble portion of sample
F--fusion and acid dissolution

Or new sample prepared:
Ext--extracted sample
EP--extraction procedure

Reference preparation method The SW-846 method or other referenceable method for preparing the SST sample for
analysis or for comparing to Westinghouse Hanford and PNL methods. The SW-846 are
usually four-digit numbers.
ESM-DOE Environmental Survey Manual.

V:) WAC-83-13--Washington State Chemical Methods.

CLP--EPA Contract Laboratory Program procedures.
HASL.-Environmental Measurements Laboratory Procedure Manual.
MXW--Standard Method of Examination and Analysis of Water and Waste Waters.
ASTM--American Society for Testing Materials.

Reference analytical method The SW-846 method or other referenceable method for determining the concentration of a
constituent. Some constituents may require identification of two methods: (1) chemical
separation procedure, or (2) measurement method, such as the alpha counting.
Alternative methods may also be specified in this column. Example ICP method is 6010;
graphite furnace atomic absorption methods are 7XXX.

PNL preparation method PNL preparation method availability.
04 PNL analytical method PNL analytical metho4 availability.

- Westinghouse Hanford Westinghouse Hanford sample preparation method availability. May also include
preparation method alternate method.

Westinghouse Hanford Westinghouse Hanford sample analysis method availability.
analytical method

Reference limit A measurement requirement identified in a referenceable source. The limit may not be
directly applicable to SST analysis requirements, but serves as a guide to evaluate proce-
dure capabilities based on method detection limits. Different sources were used for differ-
ent analytes and are specified in the "Comment" column.

Method detection limit Method detection limits are based on the instrument detection limit multiplied by the
expected dilution factor from sample preparation. The basis for the limits are specified in
the "Comment" column and vary for different analytes. Detection limits also vary with
waste fraction because of different sample preparation.

Rationale The reason the analysis is performed. Rationales are regulatory %R), performance assess-
ment(PA), or process developmentIPD).

Comment This section is used to identify assumptions used for limit calculations, identify
limitations and possible deviations from SW-846 procedures, and provide other
supporting information. If deviations are not identified, the procedures agree or SW-846
is not applicable.

Notations *Elementson PNLARL-3580 ICP.
LBRC--Level below regulatory concern.
NRM--No routine method.
NA--Not available.
IM--Internal method.
TBD--To be determined.
DF--Dilution factor.S PSTh9.3095-E-I
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Table E- 1. Single-Shell Tank Waste Characterization Plan--Methods
and Detection Limits. (Sheet 2 of 16)
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Table E-1. Single-Shell Tank Waste Characterization Plan--Methods
and Detection Limits. (Sheet 3 of 16)
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Cadilum U3kaLnRCm * 100 pg/L.

W 3010/3020 7131 CUP-213.2 0.24 p/
DL 01ord020 0.24pg/mL

F C-126 4.8 pg/g

Cr' Core A 3050 600 CLPSOW CLP200.7 NR INI topg/L 0.54p4/6 RIA GFAAmuaybtrquirad.
Chraoiw, ULIH .lim.it- 5 pg/.

W 301Ud020 7191 0.54 pgg

UL 3010/3020 0.54 p4g/L

F C-126 10.8 pg/g

Cu Core A 3150 6010 CLP-SOW CLP-210.7 NR IM 25pg/, 0.26gIg R. PA

w 3010 0.26 pg/g

DI. 3010 026pg/m.a
F C-126 5.2 pg

. .. Cere A 3050 6010 CE.P-SOW CLO-200.7 Mt IM 100 pg/i. 0.Uwgg IT

W 30) 0.66 pg/g

FE 300 0.02 1g1l

F 0-126 13.2pag/g ________________

pj
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Table E-1. Single-Shell Tank Waste Characterization Plan--Methods
and Detection Limits. (Sheet 5 of 16)

W.aein,&ttousce I- PNL PNW. oumedwA
Woamte Aalte. preparation onalyticol preparation analytical kcec irrio PL PL Iafr ifrd RCfcr e detection Rationale Oonesnontsand potential SW-846 devialiono

n, ethod nthod nitiod otathd prpaato analytical .. miwnit

Pb Core A 3050 6010 CIP-SOW CLP-200.7 NHM IM 5 p/. I. pg/g RPA GFAA aasdeuriuabackgrmndcarrcen.

W 3010/M020 7421 CLP-239.2 1.Ipglg ICPm.eisl0 LMRC.

DL 3010/20 1.1 pg/mL Lead LBUC lImit - S5O pIL.

F C-126 -22pg'

S. Core A 3050 6010 CLP-SOW CLP-200.7 NRM 3M Spg/l S.apg/g OPA BFAtosssdouoriumbackgraondcorrclon.

W 2010/2020 2740 CLP-270.2 3M 5.8 pg/g Wastinghoun llIford us.HYAAsyston.ir

DI. 301U/3120 7741 5.8pg/moL ICPae 10% LHHCIlero .0

I,' C 1106 pg/g Selenium I.IR liit l toop g.

Westinghoun.llmnlord ekjuw IHYAA aqpjd
propOaiioodifcUrent0a..SW-846.

V Cor A 3050 6030 CIJ-SOW CLP-200.2 NRM IM SNpg/L 0.3pgIg R,PA NochannalunWeainghouellanbrd CP
requirescamodoj.

W 3010 0.3pi_/g
D1. 3010 0.3 p0hL

F C-126 0pgg

TI Cure A 3050 6010 ClP-SOW CIP.200.7 NRM IM 10
p
1  11.3pgg R.PA GFAAbackgreundcorrcctianusesdeuterion. >

W 301013020 7S41 CLP-279.1 -3.2pt Nochanne onWasi06ho5 lonfard[CP
requireca eo.

DL 3010/3020 j.g/mL
F C-126 2-26gg --

Othermicala Si' r A 3050) 6010 Cp-8aW L'-200.7 RM IM NA 2.0 pghe PD Note: SW-B4Gdig,.tionwill otaolbilizoaIon.

I 301) 2.0 pWg
D. 31)10 2.0Opgft./

P C-126 4.0ipg/
pS5564O55-EI

M~:
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Table E-1. Single-Shell Tank Waste Characterization Plan--Methods
and Detection Limits. (Sheet 6 of 16)

oe leferece teferenco PN. PNL Weetin,,,se W Lsn hsMthd
Puramurler Anelyte C rmpcstte preparehjon. analytical preparation .iiialyticTl anrd asuord Rele vane detestion Rationule ComientsandpotentialsW-846 dluitthsP...Il AI tY .. iW method methodk. methodi ... ~ bm .rearaio analtica limit

am, methud mstud neths ... meh tuetihd method

Th Tanknd A 3050 6010 CLP.SOW CLU.200.7 NRM IM 0.0g4g 3.4 pg/g R. PA Reseronelm.Oitiabuau.s dLBRC.

W 3000 IM 3.4 pgg Detectiuulimite(FCIis equivalent o 7 dmo/g

DL 3010 3.4 pmL -

F C-126 68 g/g

UT Ta.krand A 3050 6010 C SWOw CLP-200.7 NRM IM 0.03Vg/g 18.6 pgIg R.PA Reference linitisbased n.,,LBHC.

W 3030 IM IM 18.6pglg Detection TimitoflCPisequivaleit to 279d/ img
"Cu.

DL 3010 18.6 pgg Alternateow-level urniunmehd Isbased ea
loser liurinmUry.

F C126 372pg/g
Zr Tank.a.d A 3050 6010 CI.PSOW CLP.200.7 NRM M NA 0.72 pg/g PD Note:idneinzircuniumnrniikelcrucible.

w 3010 IM 0.72 pg/g

DL 3010 0.72 pgml.

F C-126 14.4 pgg -

Zn Core A 3050 6010 CI.P.SOW CL 200.7 M TM 20ug/L 0.17pg/g . PA

W 3010 0.17 pgg

UL. 3010 0.17 MgnL

F C-12 3.4 Vgg

C. Core A 3054 6010 CTP.SOW Cl.P-200.7 NRM I? 50SagL 0.57 pg/g PT

W3010 0.57 pglg

Il. 3011) 0.57pg/M

F C-126 pg. pE/.
...... ....... . S,,,t. 595 .

0i

[j
m0
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Table E-1. Single-Shell Tank Waste Characterization Plan--Methods
and Detection Limits. (Sheet? of 16)

ror yrenco ference PNL PNI. Wesijb.e WLstinhouse Method
oposrAnlytW preporaentl ai1

ytaI preparation .nalyL4L ilunnord R firenc uio Ilatuube Ommontond p tuntio SW-340deviatons
Y".hd al" 1. u meth od method mahd e"36. m

Sb Core A 3050 6010 CLP-SOW CP-200,7 NRM! Im 60pg/L 4.5 Pi 3  ,PA GFAAbockgrounel crrettioou.eSdUtrim.

W 3010/3020 1041 CLP-204.2 4.5g9 Nochnnolon WesunghouswHanfortlCPrequires
sonmnode.

Dl 2030/020 4.5pg/m.L

F C-126 S9pg/g

Othormotuto Co Core A.W,DLP 3050/3010 6010 CtP.-SW CLP-200.7 NRhM 1M NA (0G.6 I Ilg PD Melhoddotectien iitforA.nd P.
front
Wetinuuhouise
Hanfurd 1CP

Sr+ Core AWU3S I050rJ010 6030 CLP.SOW CI l-20o.7 NHUM IM NA 10I) l.Gp9/I PD

Sm Core A.W.DL, 3050/3010 6010 CLP.SOW CLP-200.7 NHUM M NA 4) 138 pg/ PD

8i Core AW..?1 3050r3010 6010 CLP-SOW CIP-200.? NM IM NA 47) 136 pgg PO)

To Core AWDLY 3050/2010 6010 CLP SOW CLP.200.7 NRM iM NA 11) 20pg/g PD

P Cur A,WD..Y 3050/3010 6010 CLP-SOW CLI-200.7 NRM IM NA (.3)26 pg/g PD

S Core A,W,DLY 30502030 6010 CLP-SOW CiP-200.7 NRM M NA (2.2) 44pg/ PD

Sn Core AWJL, 3050130 6010 CLP-SOW CLP-20027 N3IM IM NA (1.3) 26,ig/ PD

Mo Core AW.DLY 305013030 6010 CP-SOW CLP-200.7 NRtM 3M NA (0.63 12 p/ II PD

W Core AM.Y, 305313010. 6010 CEP-.SOW CP-200.1 NRAI 3M NA () 103 pg/g PD

[A Core AWDI-F 30504J030 6010 CLP.SOW CI'P20.7 NHM IM NA 40.2) 4pg/g PD

Ti Core A,WDS 3050/0310 6030 CLP-SOW L''.200.7 NRhM M NA Io.) 2,.8glg PD

R. Cure A.W.DLY 3050rt010 6010 CPSOW CLP-200.? NRM M NA 30.5 )p,/ PD

La Cure A.W,01 3050/3010 6010 C3ITSOW CIJP-200. NM 3M NA (0.36pg/g PD

Ee Core A.W,)L. 3350d130 6010 CLP'.SOW C.P-200.? NhM IO NA (0.3 2.0 pgig PD

Nd Care A.W.)I.,r 2050/230 610 C(I-SOW Cl-2110.7 NHUM O NA 3.31 63G
1G PI

N' Cure AWDLY 3 050/2010 6010 CU'-SOW CIP-2003 NRM I'M NA Net PD uboniutnlimitisnutdeterminedyet. Exputed to
determuined be oboe'theunie as uranium.

p61(-ton E-I

0

N.

t

tj

. t1

eT
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Table E-1. Single-Shell Tank Waste Characterization Plan--Methods
and Detection Limits. (Sheet 8 of 16)

Reference Itefremnc. !'NL I PM!. W-1stin Irdese Westiim hos
rameter Anlyte preparation analytical reparation analytical d n ational CommentundpentialsW-46deviai

Ctypue Ware. meir.d thed method method reethd prearatLion .s..lytical lim..I dRtinl

Anions NO core W ESM-D449 ElA.0 M IM NI IM 30pg/l Ipg/g R.PA,PD NOLBRCli.ig

IC - Efl. .00 pg/I. Reference linnits based .. SW 846 greoudw
I limits.

SO' C. W ESAI.449 EPAS30 3M M NRM Id 1.000 pg/L 2
0pg PD lCdetectkn llmitsbased anEPA-SN procedure.

DL. 20.000 pg& Westinghouse Hanford lower IC colibration unis
ate 100 L u/Lor fleurine and chlorine and
ID000pg ar the theranua.s.

woA PD

P0,-' Care W ESM.449 EPA.300 BI M NRM IM NA 6 pg/g PD Aasunesad ilutionofl lpoi 10 m..,O far L.
D-. 6.00 pg

F Core W ESM 449 EPA-300 EMd EM H~kM EM t,OC0pg/L 0.5 pgg ElPA.PO Asaunes adilution oto ,0gl nLL1Dm!.

Dl.DOU pg/I. F'LDRC litait 3 4mg,/L.

CFh core W r5M449 PA-20 IM IM NMI IM l.00pg/L 2pglg PD

TJD-ai. No.-__ DI_______ 
2,000 pg& _______________

Oernias N.- Core Vt E81,1449 EP'A.00 IM1 3M N RM Ihd 300 pg/L. Spgfg R, PA.PD) Dueationtliai ustedn olri ... trcu...edo
LA645-001.

Dl. MXW354.l 5,000 pg/L

OIE-pli Care W WV)E 9313 9040 1M NItM IM 2.5-12.5 PH 1-13 RPAl't) Willusesmullorsumplue<50g)and probably

App. 1- Atn. 3 pg/IL not In tripcate unles snear linits. Ta'mpernture is
notrecorded.

DL Ap/OE 0M

CN Care I 93 CIA-335.2 IM 10 pg/. 3 pg/g R,PA CWLfRClnit . 2mgI

Aasurnes; l0- 1 ronI.- 10 ml[, sanple size.:.
UP C.-335.2 3000U pg/I. Assues I nibsturple.si.

D I Pollg Assumes I1g sample size.

S' Tank It Woi Nomeho othd10 TO g/I-11 t. PA Modified cynijla osedood toefiminate NO amid
NO..-hitlrferes

Dl. ~SuIfl reopmidiad~tillutIo before, analysis.

.Sa tedl ntf
wp 8us*3.5s 0-i

M



WHC-EP-0210 PREDECISIONAL DRAFT

' 3,- . a - 2- .,

e .rA= xs * 1' : ,

:2! isi W i 0.a

e a - -g3 t i L 4a

d -2 ed , oa s

3

a =

-- e--

Cl4 o a -mo

o 0. 0. 0. 0

C I 0 3 a

- - .0

E-11



9 2 1 2 7 5 5 0 2 9 2

Table E-1. Single-Shell Tank Waste Characterization Plan--Methods
and Detection Limits. (Sheet 10 of 16)

Itfolrnc Reorence PNL PNI. WOSUIIfhU.... Wemiit Mtdp,,sti .,,Iyw. Wpsoinghtis
Pa ratleteIr Analyts Cinjsit W praion al prIaraton aAtica 11am o] I.o d Frnce detc tion Rtionale Common taUndpoential SW-84deviations

VOAS Tank DEnt 5030/5040 8240 CLP-SOW CUP-SOW NRM NRM 5.10v0/L Verioblo ,PA Raferenrolimita reCLPrequiremnls.

CLP-
VOA-112 -ow. liroits

Orgai Sei. Tank D. Et 352013550 9270 CLP.SOW CLP-SOW NR&I 10-50 pg/. Reerenc limitsareCLPrequireents
analysis v.,#atilea EIs

0  
______ ____

3640 CP. 330-1,500 Iligher limits are pog forsoils.
SV.[29 Ig/L

CLP- sv-D3 
I.PPeairils/ TA D Fot 352013550 8080 CLP-SOW CLP-SOW NRON NREI 0.05.1 pg/I. Variable R.PA

PCB
. G4013610 CLP-P"sr- 8.160pg/kg

D30
CLI'.PST.D I

VOS' Tank Gaseous 30 5040 NRM Variable I.PA ModifiedFrsSTatnosphlricanalysisinsteadof
mncierator.

Orgai Tank I It I M IM PA

....plo.-
lists ________

ladi,,,it.lide, Total Cure W 9310 IM IM Ist Id l0nCilg 0.8-9 nC/g R,PA Assume0l g- 00m L-0.1m1.,costti orlt0
to r041mbackgroundof0.l - I c/ain. ReFerence
limnitafar radionuclidos a based an tLIUC.

DL ESMI.D508 I P&__

- F____ ______ 
I____ 

_____ ___

Total Wleta Care 9310 3M IM 3M IM I00 sC/g 12-36 .Cig R,PA Assme o c/min background and uottime oF to
to t a.lumi, 1eference limitbaa-d anLRC for

IoSr.

-L ESM.l5V$ ___AssumeD? 0 For W; 1)'D -. 10 fur DLI

- _____________s___________________-__________ _____________._________

t3
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Table E-1. Single-Shell Tank Waste Characterization Plan--Methods
and Detection Limits. (Sheet 11 of 16)

Rafernco W R&ruc PNL PNL We"tiIgI.. Wi"s'"iiiwhs.
Parameter Analyto 'nn a te prparutiua snalyticil praraium analytical rd n haloed Elere dteclion Rutioulo Comun san pdptanRiu.,SW.84. JVItIES

oIulud method thud method eho alytical 64tm
.,hd att,0 1itote niattud Ulit,

RluiiIuelide rota) Cure W ESM-D518 IM IM IM IM l00uCilg I uCi/g ItPA OP - 4001or F.Ralrure u edon CsWLBC.
leant-.I Gauura

DL ESMD722 IM InCI. l 1Cs, 6
Ct,'ONb.liWu.ao. dthrs.

P 160 Cug

.. Pa Cure 'W ESM-DS53 IM IM IM IM 10Ci/g 0.02.0.2,Ci/g IPA WDP. :125;LF- 10;FOF-400.
uDI. ESM.D578 1M 0.002-0.02 Iftotalalpha is < 10Cil .aparutedplutoiuml is

nCiA. notran.

F IM 0.32.32neCi/g

"'lAm Cure W ESM-l75 IIM IM IM IM 10uC/g 0.0.iC/g RPA WUDF-40;DLDP-4;PDF-400.

IC. DL 1M 0.001-0.01 Cariumahstopeafolwmenri.lumn.dardeter-
cifl. minedonAEA.

F IM O.32.2,2ug fwttlalpha is <S 1nCi/gseparatedaluerciumis
notrquired.

2Np Core V NA IM IM IM IM 0OCM 0.02-0.2nCI. RPA Samocamn...tsaspluaunium.

DL. EM 0.002-0.02
pg/L

F IM 0.32-3.2 mil.

"'To Core W ESM-D702 EM EM EM id lOGO L~g 0.1 Ciu0  RPA RetarancelIoitnbsedluuLOC.

DI. ESM.FY706 0.1uCi/nuL Au..me WD F.10;1l.D U I; POP =400.

F ETC.01-01 IASI.-300 I Ci/g '-

., Cure w NA lu IM IM IM laoCug 0.ORug FPA Ef&rencclimitba.edunLHRC.
III 0.1nCirm. As..sumeWDP- 10;DLDUP. ;DhJP-4.

D 0.0NCi

I.

Er'

C.,
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Table E-1. Single-Shell Tank Waste Characterization Plan--Methods
and Detection Limits. (Sheet 12 of 16)

copoie aso IteILhrew efre PNL PM!.. ndtn~e Weetijhuus Met46hodW.

= w %11Mm .M ..~/ 0I~l R.PAn

typo meho gtetel nutlo meo prprai anytical limi

mh mehio d.uaw a

Rediontzclide t23 Core. MXWIIOA IM IM 3ME OnCi/g 0.1 nC~g R. PA A,...eW DF.- 10; DL DF -1 F DF -4M.

DL 
0.0 Mgin

S CoreWESM-679 oM IM IM IM lO0nC/g 0.O4nCg R.PA AoumeoWfF. 300LDF-l;PDF-400.

Dl. SS.G87 0.03 Xif ..

F 1.6 n n o i/g

F

'am Coen W NA li mEM NRiM WM l~~~

.Sn Core W NA 3M IM NU4 MNM tO001 ,P

L

.~11 Tank %v 9 NA MIt M NUN MU U P

}L

SnNA 
N

T wn A31 INRM A .P

....I ._____.. __ _=__=__ =_== ___

F _____ ________________ ___________

.- S.~~~~~~~$~eos a-,WN IM IM NH~ RI l~cl ,P

trj

0
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Table E-1. Single-Shell Tank Waste Characterization Plan--Methods
and Detection Limits. (Sheet 13 of 16)

C,'

ltcforv.enc l~rfr..ne PNL PNL WnSdfti Ust Wsetin .Touse
Caruosir Al.lytC e Waste prej'aru"iun analytical prupurado. unalyial prTIIn",rd llefer.ce d ftion RaL.,tale Coinmnts and ptenuial SW-840 deviotina

t type ,~tmiellud mthomd .. ilod netrtbd cara mn aiiywral Uit,

ludiluclide 'H CQre W M M M IM tlOOnCi/g R. PA

. DL

Uliotopo Tank F ASTM M id IM Im lonCu, 1,PA AlpiTM ImgiTMJ nd 2 1.1

ESM-D594 Alpha

Pu Tank F ASTM IM lid IM TM onCIug IPA Maspecrscopy needsdforindividual

autupe tiSSll~u.2
Purfrence li. 300oCiug.

Th Tank F ESMD0S? FM TM NiOW NRM lOnci/g R,PA R unlyifthunriami.dlulctedoniCP.

ESM-DG45

ES1.fD673

Oiheruua 
51

Ni Tunk F It lhi NRM Calculaw fra..o ernickoland esiumn tapes
aptctrisOpy

"'s__ _ IT IM

OGher Alpha '
2

Ac Tank F I1 IM NRM MM TOO uCig H. PA These isotopesnotepocted in ignifisllt
aultupra 201b Tank F iM IM UHM NUM quantiu. lAulyzeontankc mpositeifother

.- no Tank F I I NI NihlM r.di.uclid.d.wt indicmtetheym.ayIoprcsent.
'l" TAnk P IM TM IH NRNI

IA Tank F .M TM NRM NRM
-Anm Tank I TM I NRT NR%[

Churac- As Tank EP 1310 6010 CP-SOW See Seeitsrguic 5p1/L 2.1 R
rlsuchoar norganIc

1PA loikLy :2120 7000/oO Seemnrganic 100pgV/L 0.14 R

lIu lank ELP 1310 6010 CL.PsoW Soc Seeinorgunic Tpg/
1  0.24 T

Toarco 0e inrgenic

3021) See inorganic 5 pg/l. 0.54 Ti

C
Ltj

C

0

It'

~tj
0
-4
Ca
-4
0z
r

0

H
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Table E-1. Single-Shell Tank Waste Characterization Plan--Methods
and Detection Limits. (Sheet 14 of 16)

RerrencWestin house Westi house

ramer Amalyte C .st - prt t ct anlytical preparam a.. al.al Reu tce den Rationale Comments and potentialSW.B46daviatians

type rdtn d .... ",d nwdadJ ija1thd rprtin natca lit nit

Chara.- cd Tank310 6010 Cl.P.soW See Seeinurganiic 5 pg/L R
teristics Isachate 1 inorganic

3020 1131 Seeinorganic 5 pg/L 0.3 R

CrVI) TA1310 6010 CLP-SOW Sat See inorganic I pgL 58 R EcotogyproceduresspecifychromiunVltEAIs
leachte Inorganic chromium.

3S0-1 7197 Ses inorganic 0.2 pg/. 0.5 R

'l'h Tonc Ell 1310 6010 CLP-SOW See Seeinorgonic 0.02 pg/L I
lsachute urgnic

0 4204 Saeinorgoolc 0.4 g/L R

Ag T.nk EP 310 6010 CLP-SOW See Seeiorganic IOPg/L R
laehote inorganic

3020 1760f7761 See inorganic 0.5 pg/L R

S. Tank EP 1310 SOLO CP-SOW See Se.Inorganic I0pg/L R Detectualinmitislr ICPnithoJnotlIYAAor
leaclute inorganic GFAA.

3020 7740a741
ig T0 CI-OW Sc SeeTEorganic Ipg/. 00t IIiollnitisfr ICPiethod.natlYAAar

lood10te inorgamec .FAA.
3020 7470

Endrin Tank El 3520/3550 8U0 CLP-SOW See orgAnic 0.02 mg/iL H
Ieatcwteut

3640 ___

Lindane Tank El 3520/3550 8080 CI-SOW Sarorgaiic 0.4 nigL
IL*Ichute _______

3640
%eltosy. Tank EP 352013550 8080 CL-SOW See rganic 10mg/l. I

chlur leachat4
3640 _____ ______ ______ _____ ______

- -- -- -Plia-I -I-i

0

Cr'

C)

LLj

"3

'
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Table E-1. Single-Shell Tank Waste Characterization Plan--Methods
and Detection Limits: (Sheet 15 of 16)

r N). PNI. W LingliWue VLsinghubC Mhd
j'eramnetet Antalyto CompuaIne Wte prr an analyi prepartion analyciral Fafui Eulod lHfari ce detecion Ratianake CammnasandpatenlialSW-S46dtviatiota

y frt maeiliad method netid method atd uald

Clwrs.e Tuu. Tank EP 35203550 SONO CLP.SOW Seeoggani. 05mg/t R
teristic, plheno Leuchate

H(40

244) Toni El 3G40 8150 CLP-SOW Secargonir 10mg/L R

Sivea Tank EP 3640 8150 CLP-SOW Scoerganic I mg/L.
lurhute

Corrosion pH Tank 0 AC- -1 9040(9045 iM NEM IM 2.5-12.5 014 R Referencelimitisinpl units,not.mpetur
racurdad.

DL. WDOES3-13

lleactivity C- Tak iD SWS46-7.3 90)0 D S anion. I) See anions 250 mgA I Isferaneliitiefecryofide. -

- - 9030 NRM Ft

ignhlillily Flush Tank 1) AsY4 D93-79 101011020 D NRM PD. R Forlnammablo liquid.aly.
,tin

WAC83-13 WAC-A-I

DI. lume Segment D 9095 0 inS.Win 'D. I Westinghonse lanford uses liquid that drinsFr.m
liquid Ilesiat pun in pluceupuint filter.

Physicul ength Semnat D NA NA NA Im PD

Wiht Sepiment ) NA NA . NA Im PD

VIume Segunnt 0 NA NA NA IM PD AltuatnmethodLAt-Ill.

Il.-Wt Segment I) NA EM 12
1.- V1 Segiment 1) NA EM I'D

I.-SpG Segm.. D NA IM PD

- -ity - -t ) PD Calulatedfro mdinw ioaldutaand weight.

Bulk Speis 1) IM PD
d...ity

Paricla Speciul I) EM PD -

density ___________________________

----- - -,srs-,n,--t

71
to

1-d
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Table E-1. Single-Shell Tank Waste Characterization Plan--Methods
and Detection Limits. (Sheet 16 of 16)

eference Rofercace PiLl PN. We;tinhuhise WeCtin Mthad
Pare mate r AnulyloCe psite Wa prerationR aerienc prepRratni Rnalyticel l"on ord Reference detntion Rationale Canm.ents and potential SW-846 deartius

type firecioit nctiM e oteekuj .. th,0a =rprtte nayi limit limit
metod mehod meho mehm method muethod

physical Particle Segment 0 NRM 1D Sample taken before homogenization.
mieusore azEC
hunt.)

ToAIDSC Care D IM PD

Spaeilic Core 0 IN Obtainedfron. DSC data for high-heat tanksonly.

Thermal Core D IM Can be calculated frmitadiatindata.frhigh
output heut.

Thijrmal Speeial D NRNI Requiresaspcial largesample forhigh-beuttank. 0

livity

Viscosily Special D 3M IM Manytimesviscosity is too high tomeasre.

...... l Core D (11-1D84 IM EM PD Usessmallersau.mptesend highertemporuures.

Shear Specii 03M RMI PD Need.special lrgesem.ple.
stressw

Sheerruto SIcE1al D IM NRN PD Needsspeciallurgesa.ple. 0

Settling Slurry D EM PD lorslurrysamplesonly. !
sutid>

Centri. Slurry D IM PD Foralurryamplsonly.
feged
solids
Ivo%)
Settling Slurry D M PD Forslurry aumplesonly.
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Table E-2. Elements and Spectral Lines for
222-S Laboratory, ARL-3580 Inductively

Coupled Plasma. (Sheet 1 of 2)

Instrument 2 0-
Element Line (nm) detection limit

(mg/mL)

Zr 343.82 0.048

U 409.01 1.240

Ce 413.76 0.370

Sr 421.55 0.005

Sm 443.43 0.460

Bi 223.06 9.450

Pu 453.62 NA

Ta 240.06 0.068

Ba 493.41 0.009

P 178.29 0.088

S 180.73 0.147

Hg 184.95 0.033
Mg 279.55 0.001

As 193.70 0.140

Sn 189.99 0.083

Si 288.16 0.130

Na 589.59 0.577

Mo 202.30 0.041

Se 203.99 0.385

Al 308.22 0.190

W 207.91 0.350

Zn 213.86 0.011

Cu 324.75 0.017

Ag 328.07 0.022

Pb 220.35 0.070
PST493095-E-2
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Table E-2. Elements and Spectral Lines for
222-S Laboratory, ARL-3580 Inductively

Coupled Plasma. (Sheet 2 of 2)

Instrument 2 o-
Element Line (nm) detection limit

(mg/mL)

Th 332.51 0.226

Li 670.78 0.014

Ti 337.28 0.009

Cd 226.50 0.016

Co 228.62 0.038

Ni 231.60 0.064

B 249.68 0.034

La 379.48 0.018

Eu 381.97 0.008 -

K 766.49 0.920

Mn 257.61 0.006

Fe 259.94 0.044

Ca 393.37 0.001

Cr .267.72 0.036

Nd 406.11 0.220
PST89-3095-E-2
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Table E-3. Target Volatile Compound Table and Contracta Required
Quantitation Limits.b (Sheet 1 of 2)

Quantitation limitse

Volatile CAS number Low soil andWater sedimentd
(pg/L) (pg/kg)

1. Chloromethane 74-87-3 10 10

2. Bromomethane 74-83-9 10 10

3. Vinyl chloride 75-01-4 10 10

4. Chloroethane 75-00-3 10 10

5. Methylene chloride 75-09-2 5 5

6. Acetone 67-64-1 10 10

7. Carbon disulfide 75-15-0 5 5

8. 1,1-Dichloroethene 75-35-4 5 5

9. 1,1-Dichloroethane 75-34-3 5 5

10. 1,2-Dichloroethene (total) 540-59-0 5 5

11. Chloroform . 67-66-3 5 5

12. 1,2-Dichloroethane 107-06-2 5 5

13. 2-Butanone 78-.93-3 10 10

14. 1,1,1-Trichloroethane 71-55-6 5 5

15. Carbon tetrachloride 56-23-5 5 5

16. Vinyl acetate 108-05-4 10 10

17. Bromodichloromethane 75-27-4 5 5

18. 1,2-Dichloropropane 78-87-5 5 5

19. cis-1,3-Dichloropropene 10061-01-5 5 5

20. Trichloroethene 79-01-6 5 5

21. Dibromochloromethane 124-48-1 5 5

22. 1,1,2-Trichloroethane 79-00-5 5 5

23. Benzene 71-43-2 5 5

24. trans-1,3-Dichloropropene 10061-02-6 5 5

25. Bromoform 75-25-2 5 5
PST89-3095-E3
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Table E-3. Target Volatile Compound Table and Contracta Required
Quantitation Limits.b (Sheet 2 of 2)

Quantitation limitsc

Volatile CAS number Water Low soil and
sedimentd

(pg/L) (pg/kg)

26. 4-Methyl-2-pentanone 108-10-1 10 10

27. 2-Hexanone 591-78-6 10 10

28. Tetrachloroethene 127-18-4 5 5

29. Toluene 108-88-3 5 5

30. 1,1,2,2-Tetrachloroethane 79-34-5 5 5

31. Chlorobenzene 108-90-7 5 5

32. Ethyl benzene 100-41-4 5 5

33. Styrene 100-42-5 5 5

34. Xylenes (total) 1330-20-7 5 5

aTaken from the Statement of Work for the EPA Contract Laboratory Program.
bSpecific quantitation limits are highly matrix dependent. The quantitation limits

listed herein are provided for guidance and may not always be achievable.
cQuantitation limits listed for soil and sediment are based on wet weight. The quanti-

tation limits calculated by the laboratory for soil and sediment, calculated on dry weight
basis as required by the contract, will be higher.

dMedium Soil and Sediment Contract-Required Quantitation Limits for target
volatile compound list compounds are 125 times the individual Low Soil and Sediment
Contract-Required Quantitation Limits. PST89-3095-E-3
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Table E-4. Target Semivolatile Compound Table and Contracta-Required
Quantitation Limits.b (Sheet 1 of 2)

Quantitation limitsec

Semivolatile CAS number Water Low soil and
sedimentd

gtL)__ (pg/kg)
35. Phenol 108-95-2 10 330
36. his (2-Chloroethyl) ether 111-44-4 10 330
37. 2-Chlorophenol 95-57-8 10 330
38. 1,3-Dichlorobenzene 541-73-1 10 330
39. 1,4-Dichlorobenzene 106-46-7 10 330
40. Benzyl alcohol 100-51-6 10 330
41. 1,2-Dichlorobenzene 95-50-1 10 330
42. 2-Methylphenol 95-48-7 10 330
43. his (2-Chloroisopropyl) ether 108-60-1 10 330
44. 4-Methylphenol 106-44-5 10 330
45. N-Nitroso-di-n-dipropylamine 621-64-7 10 330
46. Hexachloroethane 67-72-1 10 330
47. Nitrobenzene 98-95-3 10 330
48. Isophorone 78-59-1 10 330
49. 2-Nitrophenol 88-75-5 10 330
50. 2,4-Dimethylphenol 105-67-9 10 330
51. Benzoic acid 65-85-0 50 1600
52. bis(2-Chloroethoxy) methane 111-91-1 10 330
53. 2,4-Dichlorophenol 120-83-2 10 330
54. 1,2,4-Trichlorobenzene 120-82-1 10 330
55. Naphthalene 91-20-3 10 330
56. 4-Chloroaniline 106-47-8 10 330
57. Hexachlorobutadiene 87-68-3 10 330
58. 4-Chloro-3-methylphenol

(para-chloro-meta-cresol) 59-50-7 10 330
59. 2-Methylnaphthalene 91-57-6 10 330
60. Hexachlorocyclopentadiene 77-47-4 10 330
61. 2,4,6-Trichloropheno 88-06-2 10 330
62. 2,4,5-Trichlorophenol 95-95-4 50 1600
63. 2-Chloronaphthalene 91-58-7 10 330
64. 2-Nitroaniline 88-74-4 50 1600
65. Dimethylphthalate 131-11-3 10 330
66. Acenaphthylene 208-96-8 10 330
67. 2,6-Dinitrotoluene 606-20-2 10 330
68. 3-Nitroaniline 99-09-21 50 1600
69. Acenaphthene 83-32-9 10 330
70. 2,4-Dinitrophenol 51-28-5 50 1600

PST89-3095.E.4
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Table E-4. Target Semivolatile Compound Table and Contracta-Required
Quantitation Limits.b (Sheet 2 of 2)

Quantitation limitsc

Semivolatile CAS number Water Low soil and
(pxg/L) sedimentd

(pg/kg)

71. 4-Nitrophenol 100-02-7 50 1600

72. Dibenzofuran 132-64-9 10 330

73. 2,4-Dinitrotoluerie 121-14-2 10 330

74. Diethylphthalate 84-66-2 10 '330

75. 4-Chlorophenyl-phenyl ether 7005-72-3 10 330

76. Fluorene 86-73-7 10 330

77. 4-Nitroaniline 100-01-6 50 1600

78. 4,6-Dinitro-2-methylphenol 534-52-1 50 1600
79. N-nitrosodiphenylamine 86-30-6 10 330

80. 4-Bromophenyl-phenylether 101-55-3 10 330
81. Hexachlorobenzene 118-74-1 10 330
82. Pentachlorophenol 87-86-5 50 1600
83. Phenanthrene 85-01-8 10 330
84. Anthracene 120-12-7 10 330

85. Di-n-butylphthalate 84-74-2 10 330

86. Fluoranthene 206-44-0 10 330

87. Pyrene 129-00-0 10 330
88. Butylbenzylphthalate 85-68-7 .10 330
89. 3,3'-Dichlorobenzidine 91-94-1 20 660

90. Benzo(a)anthracene 56-55-3 10 330

91. Chrysene 218-01-9 10 330

92. bis(2-Ethylhexyl)phthalate 117-81-7 10 330

93. Di-n-octylphthalate 117-84-0 10 330

94. Benzo(b)fluoranthene 205-99-2 10 330

95. Benzo(k)fluoranthene 207-08-9 10 330

96. Benzo(a)pyrene 50-32-8 10 330

97. Indeno(1,2,3-cd)pyrene 193-39-5 10 330

98. Dibenz(a,h)anthracene 53-70-3 to 330

99. Benzo(g,h,i)perylene 191-24-2 10 330

aTaken from the Statement of Work for the EPA Contract Laboratory Program.
bSpecific quantitation limits are highly matrix dependent. The quantitation limits

listed herein are provided for guidance and may not always be achievable.
eQuantitation limits listed for soil and sediment are based on wet weight. The quanti-

tation limits calculated by the laboratory for soil and sediment, calculated on dry weight
basis as required by the contract, will be higher.

dMedium Soil and Sediment Contract Required Quantitation Limits for target semi-
volatile compound list compounds are 60 times the individual Low Soil and Sediment
Contract Required Quantitation Limits. PST89-3095-E-4
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Table E-5. Target Pesticide and Polychlorinated Biphenyls Compound Table and
Contracta-Required Quantitation Limits.b

Quantitation limitsc

Pesticides/PCBs CAS number Low soil and
Water sedimentd
(pg/L) (,ig/kg)

100. alpha-BHC 319-84-6 0.05 8.0
101. beta-BHC 319-85-7 0.05 8.0
102. delta-BHC 319-86-8 0.05 8.0
103. gamma-BHC (Lindane) 58-89-9 0.05 8.0
104. Heptachlor 76-44-8 0.05 8.0
105. Aldrin 309-00-2 0.05 8.0
106. Heptachlor epoxide 1024-57-3 0.05 8.0
107. Endosulfan 1 959-98-8 0.05 8.0
108. Dieldrin 60-57-1 0.10 16.0
109. 4,4'-DDE 72-55-9 0.10 16.0
110. Endrin 72-20-8 0.10 16.0
111. Endosulfan II 33213-65-9 0.10 16.0
112. 4,4'-DDD 72-54-8 0.10 16.0
113. Endosuifan sulfate 1031-07-8 0.10 16.0
114. 4,4'-DDT 50-29-3 0.10 16.0
115. Methoxychlor 72-43-5 0.5 80.0
116. Endrin ketone 53494-70-5 0.10 16.0

117. alpha-Chlordarie 5103-71-9 0.5 80.0
118. gamma-Chlordane 5103-74-2 0.5 80.0
119. Toxaphene 8001-35-2 1.0 160.0
120. Aroclor-1016 12674-11-2 0.5 80.0
121. Aroclor-1221 11104-28-2 0.5 80.0
122. Aroclor-1232 11141-16-5 0.5 80.0
123. Aroclor-1242 53469-21-9 0.5 80.0
124. Aroclor-1248 12672-29-6 0.5 80.0
125. Aroclor-1254 11097-69-1 1.0 160.0
126. Aroclor-1260 11096-82-5 1.0 160.0

aTaken from the Statement of Work for the EPA Contract Laboratory Program.
bSpecific quantitation limits are highly matrix dependent. The quantitation limits

listed herein are provided for guidance and may not always be achievable.
cQuantitation limits listed for soil and sediment are based on wet weight. The quanti-

tation limits calculated by the laboratory for soil and sediment, calculated on dry weight
basis as required by the contract, will be higher.

dMedium Soil and Sediment Contract- Required Quantitation Limits for target
pesticide/polychlorinated biphenyls compound list compounds are 15 times the individual
Low Soil and Sediment Contract-Required Quantitation Limits. PSTS9-JO9S.E.
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Table E-6. Present 222-S Laboratory
Gamma Energy Analysis Library.

(Sheet 1 of 4)

Radianuclide Radionuclide
abbreviation

108mAg Silver-108m

110mAg Silver-110m
2 4 1Am Americium-241

243Am Americium-243

41Ar Argon-41

198Au Gold-198

133Ba Barium-133

13 9 Ba Barium-139

140Ba Barium-140
14 1 Ba Barium-141
7Be Beryllium-7

207Bi Bismuth-207
2 12 Bi Bismuth-212

214B3i Bismuth-214

109Cd Cadmium-109

139Ce Cerium-139

141Ce Cerium-141

14 4CePr Cesium-
praseodymium-144

56Co Cobalt-56

57 Co Cobalt-57

58Co Cobalt-58
60CO Cobalt-60
51Cr Chromium-51

134Cs Cesium-134

136Cs Cesium-136

137CS Cesium-137

138Cs Cesium-138

152EU Europium-152
PST89-3095-E-6
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Table E-6. Present 222-S Laboratory
Gamma Energy Analysis Library.

(Sheet 2 of 4)

Radionudlide Radionuclide
abbreviation

154Eu Europium-154

156Eu Europium-155
59Fe Iron-59

18lHf Hafnium-181

203Hg Mercury-203

1311 odine-131

1321 Iodine-132

1331 Iodine-133

1341 Iodine-134

1351 Iodine-135

40K Potassium-40

8 5 Kr Krypton-85

85mKr Krypton-85m

87Kr Krypton-87
8 9 Kr Krypton-89

140 La Lanthanum-140

t42La Lanthanum- 142
54 Mn Manganese-54
56 Mn Manganese-56
22 Na Sodium-22
24 Na Sodium-24

95Nb Niobium-95

97Nb Niobium-97

238Np Neptunium-238

239Np Neptunium-239

233Pa Protactinium-233

234mPa Protactinium-234m

21OPb Lead-210

PSTS9-3095.EG6
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Table E-6. Present 222-S Laboratory
Gamma Energy Analysis Library.

(Sheet 3 of 4)

Radionuclide Radionuclide
abbreviation

212Pb Lead-212

214Pb Lead-214

210Po Polonium-210

21 4 Po Polonium-214

216Po Polonium-216

239PU Plutonium-239
2 4 1Pu Plutonium-241

224Ra Radium-224

226Ra Radium-226

88Rb Rubidium-88

89Rb Rubidium-89

220Rn Radon-220

103Ru Ruthenium-103

106RuRh Ruthenium-
rhodium-106

124Sb Antimony-124

125Sb Antimony-125
4 6 Sc Scandium-46

7 5 Se Selenium-75

11 3 Sn Tin-113
8 5 Sr Strontium-85
9 ISr Strontium-91
9 2Sr Strontium-92

182Ta Tantalum-182

99mTC Technetium-99m

123mTe Tellurium-123m

125 mTe Tellurium-125m

132Te Tellurium-132

228Th Thorium-228

PST89.3095-E-6
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Table E-6. Present 222-S Laboratory
Gamma Energy Analysis Library.

(Sheet 4 of 4)

Radionuclide Radionuclide
abbreviation

20STI Thallium-208

235U Uranium-235

237U Uranium-237

187W Tungsten-187

131mXe Xenon-131m

133Xe Xenon-133

133mXe Xenon-133m

135Xe Xenon-135

138Xe Xenon-138

88Y Yttrium-88

9lY Yttrium-91

91mY Yttrium-91m

65 Zn Zinc-65
9 5Zr Zirconium-95
97 Zr Zirconium-97

PST89-3095-E-6
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